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CHAPTER I 
INTRODUCTION 
Land managers in the northern Rocky Mountains have had to work 
for years under the burden of lack of applicable knowledge as to the 
possible costs and expected yields which could result from management 
decisions. In the case of analysis of alternative harvesting methods, 
this is a particularly acute problem. The obstacle to this kind of 
analysis is not the lack of adequate tools of economic analysis, but 
rather the lack of adequate yield information generally, arid the lack of 
quantifiable results in the form of expected benefits from the applica­
tion of timber stand improvement treatments following the different har­
vesting methods, in particular. Some of the timber species of the region 
are receiving research attention in this vital area now, but others as 
yet are not. In the absence of information, decisions in this field still 
have to be made. These decisions must therefore be based on yields which 
are the results of early work done in the ^SO's, work which may not even 
be applicable to second growth intensive management problems. 
The primary purpose of this study is to attempt to use the tools 
which are available today in the analysis of cost, over a period of a 
single rotation, and to compare the yields which could be expected using 
the various harvesting methods and the schedules of treatment which ac­
company them. The scope of the study is necessarily limited to one area 
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in the northern Rocky Mountains, specifically the Bitterroot National 
Forest. The study is further restricted to but three habitat types 
occuring on that particular Forest, and to the investigation of five 
harvesting methods and schedules of treatment. 
The present study seeks to answer the following several ques­
tions s 
1. What is the total compound cost of each of the alter­
natives over the range of expected sites in comparison 
to the expected yields on each habitat? 
2. What are the expected rates of return from each of 
the alternatives over the same range of sites on each 
habitat? 
3. What are the costs which have the greatest effect on 
the total compound cost, within each of the schedules 
of treatment? If variation from average costs for 
each cost in a particular schedule of treatment can be 
estimated, what effect does this have on the selection 
of a particular alternative? 
Harvesting Methods 
At this point, it is appropriate to introduce the harvesting 
methods which will be considered as alternatives and the schedules of 
treatment that will be applied with each. When the term "alternative" 
is used, it must be recognized that it may not be possible to apply 
each of the methods to the same stands at all times, but frequently 
there are several harvesting methods available to the land manager for 
a given piece of land. Consequently, five of the most common harvesting 
methods will be analyzed: clearcut with terracing, clearcut with 
site preparation, seed tree cut, shelterwood cut, and selection cut. 
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Clearcut and terracing 
"In the clearcutting method, the area is cut clear in the lit­
eral sense of the word; virtually all the trees, large or small in the 
stand are removed in the process" (30) . This system of cutting is used 
widely in the Bitterroot Forest, but terracing has not been used for 
several years and will probably not be used extensively in the future. 
This cutting method should be analyzed because it is generally a very 
successful method of regeneration; also, areas in the Bitterroot have 
been treated with this type of site preparation in the recent past. 
Under this method and for this study, the land is terraced and machine 
planted. After fifteen years, the stand is precommercially thinned, 
and again when the stand is ninety-five years old. The final harvest 
or clearcut is made when the stand is one hundred twenty years old. 
Clearcut and site preparation 
This method of cutting is extensively used in the Bitterroot 
and is virtually the same as the foregoing method except that the land 
is either burned or scarified for site preparation and then hand plant­
ed. 
Seed tree cut 
"In this method, the area is cut clear except for certain trees, 
called seed trees, left standing singly or in groups for the purpose of 
furnishing seed, to restock the cleared area naturally. Only a small 
proportion of the original stand is left. After a new crop is establish­
ed, these seed trees may be removed in a second cutting or left 
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indefinitely" (30). The schedule of treatment for this study includes: 
site preparation, precommercial thinning at age fifteen, commercial 
thinning at age seventy, and again at age ninety-five, with the next 
seed tree cut at age one hundred twenty years. 
Shelterwood cut 
The shelterwood method involves the gradual 
removal of the entire stand in a series of partial 
cuttings which extend over a fraction of the rotation. 
The cuttings usually resemble heavy thinnings, and 
under intensive practice, regeneration by the shelter-
wood method logically follows a series of thinnings. 
Natural reproduction starts under the protection of 
the older stand and is finally released when it be­
comes desirable to give the new crop full use of the 
growing space. The most fundamental characteristic 
of the shelterwood method is the establishment of a 
new crop before the completion of the preceeding ro­
tation (30) . 
Under this method of cutting, the site will be prepared, but natural re­
generation will provide the stocking. There will be precommercial thin­
ning but no commercial thinning will take place although it is of course 
recognized that such a thinning is a possibility. The first shelterwood 
cut takes place when the stand is one hundred years old; the second cut 
is made at age one hundred ten; and the final cut occurs when the stand 
is age one hundred twenty. 
Tree selection cut 
"The term selection system is applied to any silvicultural pro­
gram aimed at the creation and maintenance of uneven-aged stands; the 
selection method [or selection cut] is employed for the regeneration of 
such stands. An unevenaged stand contains at least three well-defined 
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age classes" (30) . This method entails removal of the oldest and highest 
risk trees at relatively short intervals, in this case twenty year inter­
vals. Natural regeneration is relied upon for stocking. Site prepara­
tion and precommercial thinning may also be needed. 
Selection of Habitats 
Habitat types were used to categorize the environments of sample 
stands, as well as to describe the vegetation (23) . The use of habitat 
types results in data which can easily be understood by land managers 
familiar with the system, and minimizes the likelihood that the results 
of this study would be misapplied to ecological units where conditions 
are substantially different. The specific habitats selected for consid­
eration in the present study are Pinus ponderosa/Festuca idahoensis 
(abbreviated PP/Feid) ; Pseudotsuga menziesii/Symphoricarpos albus (Df/Syal) ; 
and Abies lasiocarpa/Xerophyllum tenax (AF/Xete). These particular hab­
itats were selected on the basis of information gathered from discussions 
with Bitterroot Forest personnel. The intent of the selection was to 
pick those types which represented relatively large acreages within the 
Forest so that the results of the study would be applicable to as large 
an area as possible. At the time of the habitat selection, the acreages 
in each type in the Forest were not known, however, relative amounts of 
the most frequently occurring types were known i.e. it was known that the 
three habitats were fairly abundant on the Forest. An attempt was also 
made to select a graduation of types ranging from a low dry type to a 
relatively high elevation type; this was done for the purpose of 
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comparison of as wide a range of habitat types as possible. 
PP/Feid 
This habitat is usually found on dry west or south slopes. On 
the Bitterroot, this habitat is found at lower elevations—up to 5,280 
feet—and does not appear to be a major habitat, although it is present 
and easily found. The adjacent moister habitat type is occasionally 
Ponderosa pine/Snowberry (Pinus ponderosa/Symphoricarpos albus) more 
commonly DF/Syal and the adjacent drier habitat type is Ponderosa pine/ 
Bluebunch wheatgrass (Pinus ponderosa/Agropyron spicatum) (23) . 
DF/Syal 
This habitat is found on warm and dry east to west slopes. The 
range of elevations at which it occurs in the Bitterroot is from the 
valley bottom (often below 3,900 feet in the N. Bitterroot) to 6,400 
feet. It appears from field observation to be a major habitat type on 
several of the districts and is a major habitat on the Forest. Adja­
cent habitat types are commonly Pseudotsuga menziesii/Agropyron spica­
tum and Pinus ponderosa/Festuca idahoensis on warmer and drier locations, 
Pinus ponderosa/Symphoricarpos albus on cooler locations, Pseudotsuga 
menziesii/Physocarpus malvaceus on cooler and moister locations, Pseudo­
tsuga menziesii/Linnaea borealis on moister locations (23). This parti­
cular habitat occurs in two phases: the Symphoricarpos albus phase and 
the Agropyron spicatum phase. For the purpose of this study, only the 
Symphoricarpos albus phase was sampled; hence, all the results on this 
habitat should be applied to that phase only. 
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AF/Xete 
This habitat forms a major component of the subalpine fir forest 
in western Montana. It is found largely between the 5,000 to 7,000 foot 
elevations on relatively steep and dry slopes. From field observation, 
it appears that this is one of the major habitat types on the Bitterroot 
Forest. It is apparently the driest habitat type in the subalpine fir 
climax series. It merges with Pseudotsuga menziesii/Calamagrostis ru-
bescens or Pseudotsuga menziesii/Xerophyllum tenax on drier or warmer 
slopes and Abies lasiocarpa/Clintonia uniflora on more mesic sites or 
Abies lasiocarpa/Menziesii ferruginea on north exposures in general on 
moister slopes, and to Abies lasiocarpa/Luzula glabrata-Vaccinium sco-
parium on colder sites at higher elevations (23). This habitat also 
has two phases: the Xerophyllum tenax phase, and the Calamagrostis ru-
bescens phase. For the study, only the Xerophyllum tenax phase was 
sampled. 
Economic Analysis 
In attempting to apply analysis to the harvesting alternatives, 
it is necessary to know the average cost of the treatments and the ex­
pected returns. The average costs for the treatments were obtained from 
the Forest Service staff on the Bitterroot Forest from records at the 
district level. The returns are in the form of expected yields as the 
result of management under each of the alternatives. The most current 
yield tables were used for each species (7, 9, 20, 22). In order to de­
termine yield, the site indexes for the habitats had to be sampled. 
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Because there is reason to believe that the site index varies consider­
ably (27) , the decision was made to determine the range of site indexes 
within each habitat. An analysis was made to determine the compound 
cost and the rate of return for the mean site index as well as for the 
low and high site indexes. 
In the determination of the cost of treatment which has the 
greatest effect on the total compound cost, use was made of sensitivity 
testing (14, 28). The purpose is to isolate the cost which is the most 
critical within the total cost; in this way, the land manager can justi­
fy placing a ceiling on a particular cost. Through the use of this tech­
nique, a method for changing alternatives can be developed, if percentage 
estimates of costs over acreage can be determined. 
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Photo 1: Shows 
PP/Feid habitat 
on the Stevens-
ville District 
Photo 2: Shows 
PP/Feid habitat 
and illustrates 
the open growing 
condition of PP 
on this habitat. 
Stevensville 
District. 
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Photo 3: Shows 
DF/Syal habitat 
on the Darby 
District. 
Photo 4: Illus­
trates the vari­
ety of appearance 
in the DF/Syal 
habitat. Univers­
ity of Montana, 
School of Forestry 
Experimental Forest. 
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Photo 5: Illus­
trates the AF/ 
Xete habitat on 
the Stevensville 
District. 
Photo 6 : Shows 
some variation 
in species mix 
from photo no. 5. 
Stevensville 
District. 
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Photo 7: Illus­
trates a selec­
tion cut. West 
Fork District. 
Photo 8: Also a 
selection cut. 
The cutting here 
is lighter than 
in the photo above. 
U of M Experimental 
Forest. 
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Photo 9 : Shows a 
shelterwood cut 
performed on the 
West Fork District. 
Photo 10: Also a 
shelterwood cut, 
but done in the 
Douglas fir timber 
type. B.L.M. land 
in the Blackfoot 
area. 
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Photo lis Shows 
a seed tree cut 
on the Stevens-
ville District. 
Photo 12: Also 
a seed tree cut, 
but performed on 
steep ground. 
B.L.M. land in 
the Blackfoot area. 
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Photo 13: This 
is a clearcut on 
the Stevensville 
District. The 
area was previous­
ly scarified and 
the slash burned. 
Photo 14: This 
is a clearcut 
with scarifica­
tion; slash is 
in wind rows for 
burning. Kootenai 
National Forest in 
the Pinkham Creek 
area. 
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Photo 15: Shows 
a clearcut with 
terracing on the 
West Fork District 
in the Bitterroot 
National Forest. 
Photo 16: Shows 
a terraced area 
after planting 
has taken place. 
Notice that the 
appearance of 
rawness is begin-
ing to fade. 
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CHAPTER II 
LITERATURE REVIEW 
Land managers in the northern Rocky Mountain area are finding 
themselves in the position of having to make management decisions re­
garding second growth timber while possessing little information as a 
basic guide for these decisions. Part of the problem is insufficient 
analysis in this geographic location as to the variolas alternatives 
to management and methods of management, when the basic decision has 
been made to manage land for timber production. 
In Europe as well as in other locations within the United 
States, work in the field of analysis of investment for timber produc­
tion is much further advanced than here in the northern Rocky Mountains. 
In 1929, Hiley (16) prepared a table showing the cost of production per 
cubic foot of wood on several site classifications for a number of tim­
ber species grown in England. Along with this, he also worked up the 
data for three compound interest rates: 3%, 4%, and 5%. The rotation 
length that he used was a relatively short fifty-five years. From these 
data, he concluded that, with intensive management, a 4% rate of return 
could be expected on average sites, and higher interests could be expect­
ed on more favorable sites. From this type of analysis, a land manager 
could, if he had the same timber species and had similar sites, identify 
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those areas where the maximum return on an investment could be realized. 
Needless to say, utilization standards, timber values, growing conditions, 
and the species which Hiley studied are drastically different from those 
present in the northern Rocky Mountains; however, the approach he used to 
evaluate the priorities of investment is applicable. 
In Michigan, a study of planted eastern white pine (Pinus strobus 
L.) by Boman (6) in 19 32 showed that a plantation planted in 1896 return­
ed a compound interest rate of 4%. From this, he concluded that bare-
land forestry was a profitable endeavor. Reynolds (26) in 1938, showed 
that planted loblolly pine (Pinus taeda L.) could be managed profitably 
when applying a 3% rate of compound interest over a sixty year rotation. 
In order to realize that rate of return, he pointed out that frequent 
selection cutting and favorable markets for the products removed were 
necessary. 
Worley's (36) "let it grow" approach to analysis showed that 
the value increments of growth in a given stand must cover custodial 
costs and include additional cash returns to be considered worthwhile. 
The formula he used was one for a future value of a terminal series of 
annual payments altered to determine the value increment to cover a 
series of annual costs. This approach is acceptable and supports the 
hypothesis that it is possible to do nothing as long as the market is 
expanding. This approach also assumes that the land is stocked, at 
least to a minimum level. 
Working with in red pine (Pinus resinosa Ait.) , Lundgren (17) 
used compound interest and discount formulas to estimate returns from 
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timber stand improvement treatments and commercial harvesting methods 
for different sites and stocking levels. He pointed out that as with 
other methods, one must estimate the value of the timber at a future 
date. For thosa areas with a short rotation, this is difficult enough, 
but it becomes even more difficult when one considers the long rota­
tion lengths required in the Bitterroot Forest. This problem is fur­
ther complicated by advancing technology, new products, and new land 
uses which could possibly place added values on timber in the future 
that are impossible to predict at the present time. 
Predicting costs and future values was attempted by Davis (10) 
using the soil expectation approach to the management of western white 
pine (Pinus monticola Dougl.) in Idaho. He found that bare-land fores­
try, in an area of long rotation lengths, does not return enough pro­
fit to offset the accumulation of interest charges; furthermore, soil 
values are negative, even on the best sites. Davis concluded that the 
best method of regeneration was the shelterwood system. Further, he 
stated that the first cuts should begin between the ages of sixty-five 
and ninety years and that the last cut should be made at one hundred 
twenty years in order to obtain maximum value. Davis published this 
specific work in the early 1940's when costs were low and western white 
pine was bringing top prices, but Davis did recognize the importance 
of rotation lengths in relation to compounded costs. 
The question of whether planting costs are worthwhile was dis­
cussed by Vaux (35) in 1954. He pointed out that the major considera­
tion should be whether planting costs are compensated by the time lost 
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waiting for natural regeneration. Further, intensive forest management 
will lead to higher protection costs. Adding this cost to planting, 
risk, and interest, Vaux concluded that the total investment at harvest 
time would be five hundred dollars per acre. This analysis was based 
on short rotations common to West Coast forests. Vaux felt that in­
creased wood demand would justify the cost. 
Primarily because of the expense of reforestation, Anderson 
(2) pointed out that the economic selective [high grade] cutting of 
ponderosa pine (Pinus ponderosa Laws.) on private land compared to 
clearcutting is both silviculturally and financially a sound alternative. 
Another study concerned with the soundness of alternatives of 
investment was made by Marty, Rindt, and Fedikew (19) and is the present 
basis of the Forest Service system of determining silvicultural alter­
natives . They pointed out that primary consideration in determining 
the economic desirability of a project is measured by the increased 
value at rotation age. The cost and added values were used to compute 
its internal rate of return and those projects with the highest gain 
were given priority. Moreover, the investigators realized that physical 
costs data, yield response data, and dollar price are estimates that 
oridinarily will not be correct, but must be used if an attempt at anal­
ysis is made. They also pointed out that intangible factors are not re­
presented in the computations and may be the over-riding factors in man­
agement decisions. 
Schweitzer (28) in analyzing errors of estimating costs and 
returns pointed out that even the slightest miscalculation in estimation 
21 
will result in large inaccuracies in present worth and future worth 
values. 
It can be summarized that planting and intensive forest manage­
ment for the purpose of timber production will be profitable if rota­
tion lengths are short, wood utilization and markets are good, and gen­
eral growing conditions are favorable. 
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CHAPTER III 
METHODS 
Distribution of Stands in Selected Habitats 
Before sampling stands of the selected habitat types for the 
purpose of site determination, it was decided that those areas in a 
wilderness or a reserved category would not be sampled. Also, no sam­
ples were taken in that portion of the Forest which lies in Idaho or 
in the Magruder District. In the Bitterroot National Forest, lands 
in this category lay on the west side of the Bitterroot Valley adja­
cent to and including the Selway Bitterroot Wilderness area. For the 
purposes of this study, the selected habitats were sampled from stands 
located on the east side of the Forest on the Stevensville and Darby 
Districts, and throughout all of the West Fork and Sula Districts. 
An attempt was made to get as broad a distribution of sample locations 
as possible throughout the remaining area. This was limited by the 
availability of the habitat types. Samples were taken in those general 
areas where timber harvesting has taken place in the past, and where 
the harvesting of timber appears to be the main activity of management 
in the foreseeable future. In some cases, the sample locations were on 
terrain which the Forest is not intensively managing today due to access 
(See Appendix A for the distribution of site index samples by habitat) . 
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Site Index Determination 
To determine the maximum range of yields for each of the species 
in the selected habitat types, the range of site indexes had to be deter­
mined. This was done by selecting relatively young stands of pole size 
in the specific habitat type. An attempt was made to pick trees within 
these stands which were unaffected by crowded growing conditions or ad­
vanced age. When it was not possible to find such stands, young pole 
size trees which were uneffected by crowded growing conditions were se­
lected and measured for site index in less than desirable stands within 
the habitat type. Ten trees, in each of ten stands, were measured for 
site index in each of the selected habitat types. Also, an attempt was 
made to measure site trees along a gradient throughout a particular hab­
itat. For example, sampling was begun in a habitat type at the lower 
ecotone and continued to the upper ecotone or transition into another 
habitat type. 
Site Index Calculations 
In each of the habitat types, one hundred trees of each species 
were measured and site index determined for each tree. The purpose was 
to establish the maximum range of site indexes which could be expected 
from each species on the selected habitat type. This was done by calcu­
lating a mean site index for each species and an upper and lower limit 
of the sample. Two standard deviations from the mean were calculated 
and added to the mean to arrive at the upper limit of the range, and sub­
tracted from the mean to arrive at the lower limit of the range. Assum­
ing a normal distribution, ninety-five percent of the sampled site in­
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dexes will lay between these two figures (See Appendix C) . This method 
of site index range determination reflects the maximum variation of each 
species from the mean if a single tree is used as an estimator, but not 
a stand average variation from the mean (See Appendix J for a comparison 
of methods) . The site index numbers from which the calculations were 
made for the site index averages were taken from Regional site index 
curves used by the Bitterroot National Forest. Because there are no site 
index curves for subalpine fir (Abies lasiocarpa Nutt.), the Engelmann 
spruce (Picea engelmannii Parry) curves were used. Their use provides 
a built-in undetermined error for any yield determination. The low 
commercial value of this species plus additional problems of defect pro­
vide reason for not managing for this species. For this same reason, no 
analysis of this species was attempted in this study, although it is re­
cognized that this species will be present in the AF/Xete habitat and is 
the ultimate climax overstory. 
The only tree species found in the PP/Feid habitat was ponderosa 
pine. This tree species usually occurs naturally in open grown stands, 
so site index measurements were taken fairly easily. 
In the DF/Syal habitat, the major timber species found were pon­
derosa pine and Douglas-fir (Pseudotsuga menziesii Franco). Site index 
measurements in this type were easily made where early logging or fire 
had established appropriate second growth stands. 
Those tree species found in the AF/Xete habitat were Douglas-fir, 
lodgepole pine (Pinus contorta Dougl.), subalpine fir with some whitebark 
pine (Pinus albicaulis Engelm.) mixed in. The species which were most 
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frequently found in this habitat were lodgepole pine and subalpine fir. 
Thus, these were the two species which were sampled for site index. Due 
to the nature of the species found in this habitat and the elevations at 
which they are found, stands in this habitat have not been harvested un­
til recently and for that reason, few second growth stands are available 
for sampling. Regardless, it was felt that a good representation of 
site was determined by the alternate methods discussed earlier i.e. by 
measuring young, pole sized trees where they could be found in the stand. 
Yield Determination 
This aspect of the study was particularly difficult to determine 
for several reasons, not the least of which was the dubious accuracy of 
the yield tables which have been developed for each of the timber species 
dealt with in the study. The present yield tables were developed forty 
to fifty years ago and dealt with stands which were not being managed for 
second growth. Since that time, there have been no new tables developed 
to deal specifically with managed second growth stands for this region. 
An additional problem was that site index measurements for this region 
are taken from index curves with a fifty year base, while most of the 
yields from the yield tables are listed by site index taken from curves 
with a one hundred year base (The yield table for lodgepole pine are the 
exception; these yields are listed by site indexes with a fifty year 
base) . For ponderosa pine, the two sets of curves were plotted and super­
imposed one on the other to find out which of the one hundred year base 
yields could be used with the fifty year base site indices (See Appendix 
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D) . It was determined from this comparison, as well as by the use of 
interpolation, which yields could be used. Douglas-fir was somewhat 
easier, because the fifty year base site index curves corresponded 
closely with the lower site index base one hundred curves i.e. site 
index 35 (67 feet at one hundred years) matched closely with site 
index 50 (50 feet at fifty years). 
For Douglas-fir and lodgepole pine, an additional problem was 
that no yield tables have been developed for the low range of site 
indexes found in each of these species; therefore, the low range yields 
for those species will not be listed. 
Yields from the seed tree method, clearcutting and terracing, and clear-
cutting and site preparation 
Yields in the PP/Feid habitat were determined using a rotation 
length of one hundred twenty years. This rotation length is that sug­
gested by the Forest Service Timber Management Manual (32) ; it is based 
on the size of the expected tree at that age. The one hundred twenty 
year rotation is used with site indexes 60 and below. The highest index 
in the PP/Feid habitat is 62 and so the previously mentioned rotation 
length was used for the low, mid, and upper expected yields. Yields are 
given in cubic foot figures in order to approximate the sites' actual 
productivity. For each of the three site indexes within the habitat, the 
normal yields were calculated and plotted from Meyer's yield tables (22) 
for ponderosa pine. Meyer's yield tables are based on normally stocked 
stands. The stands of pine on this habitat type are less than normal, 
but it is not known how much less for Western Montana. Consequently, 
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the yield results are given for normal stands in this study. (24) When 
the stand reached age seventy, a commercial thinning was applied and 25 
per cent of the yield removed. At this point, the additional growth put 
on by the stand was calculated by the use of Brickell's (7) yield 
capability for that site index. The growth following thinning is the 
number of years between that thinning and the next thinning multiplied 
by the yield capability for the site. A second commercial thinning was 
applied at age ninety-five. The same volume was removed for this cut 
as in the earlier thinning and the additional growth was arrived at by 
the same method. By summing these volumes removed in improvement cuts 
with that from the final cut, the total cubic foot yield was determined 
for each site. Use was made of yield capability because it is a good 
approximation of the best production a stand can give on a particular 
site if optimum spacing is in effect. Through the use of thinning, 
optimum spacing can be maintained. It must be recognized that the stands 
In this study are not natural stands, but because no quantitative 
yield information is available for stands under management, tills yield 
information was determined useable. 
For the DF/Syal habitat, the yield determinations were made by 
virtually the same method except in the case of Douglas-fir, because 
there are no yield tables available for SI-33 which represents the low 
limit of indexes expected for this habitat. Although a single species 
may be planted and managed, Douglas-fir will be present in varying 
amounts. Because it is impossible to predict the relative amount of 
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Douglas-fir in a stand, yields for that species and ponderosa pine were 
determined (See Appendix D for graphs of yields). As with the PP/Feid 
habitat, the rotation length used was one hundred twenty years. Use 
was made of this rotation length on the DF/Syal habitat even though the 
high range site index for ponderosa pine was 68 and could have been 
calculated with a shorter rotation. One hundred twenty years was used 
because SI-68 was still very close to the border line of rotation class 
according to the manual and for the sake of uniformity. 
Yields for the AF/Xete habitat were determined In the same way 
as for the other two habitats. As with the low site index in Douglas-
fir in the DF/Syal habitat, the low yield from lodgepole pine had to be 
omitted due to the lack of an appropriate yield table. 
Yields from the shelterwood cut (all habitats and site indexes) 
Yields from shelterwood cutting were determined by finding the 
expected yield at one hundred years for each species using the appropriate 
yield table for each site considered—low, mid, and high—for each 
habitat. To this yield, the yield to be expected from twenty years of 
growth under yield capability conditions from Brickell were added. The 
total figure was divided by three to arrive at the volume which would 
be removed in each of three cuts in the regeneration cut sequence. 
The total volume removed was somewhat higher than the yield at one hundred 
twenty years for each species and site by the amount of mortality captured 
by use of the shelterwood cutting harvesting method as with the thinning 
in the clearcut methods. 
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Yields from the selection cut (all habitats and site indexes) 
The total yield at one hundred twenty years was determined for 
each species and site index for each habitat using the appropriate yield 
tables. Because the rotation length of all the other methods was one 
hundred twenty years, it was decided the yields for consecutive selection 
cuts over a similar period would be totaled for comparison purposes. 
The period between cuts was set arbitrarily at twenty years giving a 
total of six cuts for comparison with the other methods. Using Brickell's 
yield capability volumes for each site and species, and multiplying it 
by twenty years, the volume per cut was determined. By cutting this 
determined volume each cut, the stand will recover to the one hundred 
twenty year yield at the time another selection cut is scheduled (See 
Appendix D for graph of yields). 
Cost Determination 
The costs for each of the silvicultural treatments under each 
harvesting method were taken from actual treatments on the Bitterroot 
National Forest and were supplied by the staff of the Forest. In order 
to obtain a large sample from which to determine average costs for each 
of the treatments, cost data was used from the last four years, i.e. 
from F.Y. 1969 through 1972. Using an inflation factor, each of the 
costs from earlier years was made comparable to 1972 costs. The inflation 
factor was calculated from 11 Implicate Price Deflators" (29) for such 
costs as terracing, scarification, and machine planting for which the 
primary element of cost was not labor. In the case of hand planting, 
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auger planting, precommercial thinning, and broadcast burning, the 
primary element of cost is labor; therefore, the appropriate inflation 
factor was calculated from information from "Index of Output Per-Man-
Hour, Hourly Compensation, Unit Cost, and Prices, Private Economy, 
Seasonally Adjusted" (34). After the costs for each of the earlier years 
were inflated to 1972 costs, the total cost for that year for the 
specific treatment was arrived at by multiplying the inflated cost by 
the number of acres treated. This was done for each year and then 
summed to arrive at a total for all the years in which that particular 
treatment was applied. The total cost was then divided by the total 
number of acres treated. The resulting figure was considered to be the 
average cost for that treatment for use in the analysis. In instances 
where two methods of treatment or more were used to accomplish a single 
goal, such as the use of site preparation on a clearcut using either 
broadcast burning or machine scarification and burning, the average 
cost was obtained by a method similar to that discussed earlier except 
that a weighed average was calculated to arrive at a single cost figure 
for analysis (See Appendix E for the calculation of costs). 
The only exceptions to this approach to the determination of 
costs was for precommercial thinning In the clearcut with site prepciration 
and in the clearcut with terracing. In these two cases, only a limited 
amount of acreage (approximately forty acres) had been treated during 
the time span that the other treatment costs were gathered; therefore, 
the costs based on Region One averages were used. 
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Annual costs were also obtained from the Bitterroot National Forest. 
The costs used were those which the Forest incurred in F.Y. 1972 and 
were for administration only. The actual cost figures used in the analysis 
were arrived at by deducting the costs of administering the reserved 
acres (those in wilderness and potential wilderness categories) from the 
total administrative cost of the Forest. With this figure, by dividing 
by the nonreserved acres, an average annual cost for those acres in the 
nonreserved category is obtained (See Appendix E for calculations). 
Cost Analysis 
The cost data was analyzed by two methods using the same basic 
principle. First, the data was analyzed by comparing the end of 
rotation cost, using various interest rates, with the expected yields 
for each of the harvesting methods and schedules of treatment. The data 
was also analyzed by determining the future value or future net worth and 
plotting it against various interest rates to determine the interest 
rate which is actually being returned by each of the harvesting methods 
and schedules of treatment. 
End of rotation cost and yield comparison 
After determining the average costs for each of the treatments, 
it was necessary to place them in a logical order and in an appropriate 
time period during the total rotation so that the cost at the end of the 
rotation could be determined. 
The schedule of treatment was the same for each site index 
within each of the habitats chosen. The schedule of treatment was held 
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constant within each habitat for the sake of comparison and not because 
the Forest in fact treats each site in each habitat the same. What was 
desired was to show the results of similar treatments with varying site 
and habitat. It is recognized that another school of thought charges 
site preparation as a current cost, but for this study it is charged as 
an investment cost to the future timber crop. 
Clearcutting and Terracing 
Following harvest the land will be terraced and planted in the 
first year. When the stand reaches fifteen years of age, it will be 
precommerically thinned. All of the costs will be compounded from the 
date of occurrence and summed along with a compounded annual cost and 
compared with the total yield expected from the thinnings and harvest cut 
at the end of rotation. The following formula was used to arrive at 
the total cost at the end of rotation (18): 
Vn = Vo1 j(l + i)nlj + Vo2 £1 + i)n^j + Vo3 [t1 +i)n^J + a jj1 "T 
Where: Vn = future cost 
Vo-l = cost of terracing 
Vo2 = cost of planting 
V03 = cost of precommercial thinning 
a = annual costs 
i = interest 
n n 2 /  n 4  =  1 2 0  y e a r s  
(See table 2 for costs) 
Initially, the future costs were calculated for interest rates of from 
1%-10%. The purpose is not only to show what the costs will be at 
various interest rates, but to demonstrate the effect of increasing rates 
on interest on future costs by set increments. 
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Clearcutting and site preparation 
The method of calculation is virtually the same as for clearcutting 
and terracing, except different costs are substituted into the formula. 
(See Table 2 for costs) Sensitivity testing is also applied to this 
harvesting method. 
Seed tree method 
The procedure is similar to the others mentioned, but the formula 
changes in that a planting cost is omitted. 
The assumption is made in the seed tree method that no planting will be 
required and that the cost of removing the seed trees will be covered by 
the value of the wood removed. Other than these two cost differences, 
the sequence of costs and cuttings are similar to that of the clearcutting 
methods. 
Shelterwood method 
The same principle of analysis was used except that the 
appropriate costs are substituted into the formula. (See Table 2 for 
costs) The formula is somewhat modified in that It assumes no planting 
Where:' Vn = future cost 
Vox = cost of site preparation 
V02 = cost of precommercial thinning 
a = annual costs 
i = interest rate 
nl, n3 = I20 years 
n2 = 105 years 
(See Table 2 for costs) 
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cost will be incured; in essence, the formula used for the shelterwood 
cut is the same as for seed tree cut. 
Tree selection method 
Analysis is somewhat different from the methods already discussed 
in that site preparation costs will most probably be incurred during 
the one hundred twenty year period, but just when is not known. It Is 
possible too that no such cost would in incurred. It Is probable that 
reproduction will appear in clusters and for optimum growth, a pre-
commercial thinning would be required. For these reasons, both costs are 
included in the analysis. However, these two costs were not compounded 
for the entire length of the rotation as were all the other costs. It 
was arbitrarily decided to compound these costs for eighty years. The 
formula for tree selection used is as follows: 
Vn = future cost 
Vol = precommercial thinning cost 
Vo2 = site prepciration cost 
a = annual costs 
i = interest 
n^, n2 = 80 years 
n3 = 120 years 
Return on investment 
The second approach to analysis is a variation of a method 
proposed by Marty, Rindt, and Fedikew (19), specifically, determining 
schedules of treatments and harvesting methods which will give the 
Where: 
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highest rate of return. This interest can be determined by use of data 
already developed from the method described earlier. From the formulas 
discussed earlier in this section, total compounded cost for each of the 
harvesting methods and schedules of treatment are determined for interest 
rates of from 1%-10%. Along with this cost data, the yields are known 
for the range of site indexes that can be expected within each habitat. 
By converting the cubic foot yield to a board foot yield and multiplying 
it by today's stumpage value for the respective species, an estimate of 
the value is derived. By subtracting the growing costs from the timber 
value, the net worth is determined for each of the interest rates. This 
is done for the upper, mid, and low site indexes in each of the habitats. 
The interest rate at which the net worth becomes zero is the rate of 
return that the schedule of treatments and harvesting method will 
return. This is accomplished by plotting the net worth over the interest 
rates and constructing a curve through the net worth points. Where the 
curve crosses the interest axis is the interest rate which can be 
expected for the harvesting method and schedule of treatments under 
analysis. In this way, the harvesting method and schedule of treatments 
which will return the highest rate of interest can be determined. 
Sensitivity tests 
The attempt was also made to determine the cost within each of 
the schedules of treatments which is the most sensitive (14) i.e. the 
cost which if it were changed would have the greatest impact on the 
future cost at the rotation end. This is done by calculating the same 
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formula, holding all costs except the tested cost at the average value 
and varying the tested cost from 101% to 120% of the average value for 
that cost. This demonstrates what a 20% increase by 1% increments will 
have on the future cost. The approach shows not only which cost is the 
most sensitive, but also shows at exactly what point it becomes critical. 
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CHAPTER IV 
RESULTS 
The results of this study are here presented by silvicultural 
treatment, except in instances where certain findings apply to all the 
alternatives in general. This general Information includes site index 
results, average costs for each alternative, and average stumpage 
values for each species studied. 
Site Index 
Table 1 
Site Index (50 year base) 
Habitat PP/Feid DF/Syal AF/Xete 
Species PP DF PP AF LPP 
upper 62 65 68 51 55 
SI mean 46 49 50 35 40 
lower 30 33 32 19 25 
Average Costs 
The following table shows the average costs for each treatment 
within each of the harvesting alternatives: 
Table 2 
Average Costs by Treatment and Cutting Method* 
CC and CC and Seed Shelter- Tree 
Terr. Site Prep. Tree wood Selection 
Planting $14. 91 $44. 73 
Terracing 39. 80 
Site Prep. 38. 09 $64. 12 $51. 49 $27. 78 
Precom. Thin. 71. 58** 71. 58 54. 42 54. 42 40. 17 
Annual Costs 0. 91 0. 91 0. 91 0. 91 0, .91 
*All costs are on a per acre basis. 
**Regional costs were used. 
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If there is a requirement that prior to terracing the ground must be 
burned and this is considered a site preparation cost, this cost must 
also be determined and added to those costs already appearing in this 
analysis. 
Stumpage Value 
In order to determine the rate of return for each alternative, 
the average stumpage value for each species must be determined. Although 
the value could be up or down from today's value, it is the practice to 
use today's values. The average stumpage value for the Bitterroot 
Forest, for the species which occur on the three selected habitats are 
as follows: 
Ponderosa pine* $30.93/MBF 
Douglas fir 6.97/MBF 
Lodgepole pine 5.98/MBF 
•Figures obtained from the Regional office for the Bitterroot 
Forest, and are the average stumpage values for FY 1971. 
They are the most recent figures available. 
These figures are deceptively low. To these stumpage values must be 
added the value of permanent improvements as a result of the timber 
sales. Therefore, the value of permanent roads must be added in. The 
value of roads on thousand board foot basis for FY 1971 was $13.19. 
Added to the bid value of the stumpage for the same year, the following 
values were arrived at: 
Ponderosa pine $44.12/MBF 
Douglas fir 20.16/MBF 
Lodgepole pine 19.17/MBF 
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The bid stumpage value plus the road value is the value which is used 
to determine the rate of return for each harvesting method. If there 
are other permanent improvements their value should also be added to 
the stumpage value. These values are averages and represent stumpage 
values from each of the various alternatives. It must be recognized that 
the value varies with each method, andmay be lower or higher depending 
on the cutting method used, as well as the size of logs, topography, 
and many other variables. As a result, the average figures on page 30 
were used. 
Selection Cut 
Yield Results 
The yields shown in the table p. 40 are given by habitat and 
show the range of site indexes which can be expected. 
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Table 3 
Yields (Selection Cut)* 
PP/Feid: 
Ponderosa pine 
SI Yield/Cut** Total Yield 
30 592 3,552 
46 1,026 6,156 
62 1,658 9,948 
DF/Syal: 
Ponderosa pine 
32 640 3,840 
50 1,158 6,948 
68 1,960 11,760 
Douglas-fir 
33*** __ 
49 ' 1,126 6,756 
65 1,798 10,788 
AF/Xete: 
Lodgepole pine 
25*** 
40 702 4,212 
55 1,272 7,632 
*Six cuts at twenty year intervals. 
**All yields are given in cubic ft./acre volume and includes 
stump and top but not bark of all trees .6 inches in diameter 
and over. 
***No yield tables for site indexes this low. 
Total compound cost 
The total end of rotation cost for the selection cut alternative 
for interest rates of from 1%-10% is listed in the following table; the 
table also shows what effect incremental increases in compound interest 
rate have on the future cost. 
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Table 4 
Compound Cost (Selection Cut) 
Interest Future Cost at 120 Years 
1% $ 359.96 
775.60 2% 
3% 
4% 
5% 
6% 
7% 
8% 
9% 
10% 
148,685.75 
380,339.23 
982,832.22 
1,745.62 
4,061.06 
9,699.70 
23,677.85 
58,874.98 
Internal rate of return 
In order to determine the internal rate of return, it was 
necessary to place a value on the yields that have been derived. This 
means the yields must be converted from cubic feet to a board foot basis 
and then multiplied by the average stumpage value for that species. The 
conversion factor used by Dilworth (11) is six board feet to one cubic 
foot; this factor may be high because it depends on the size of the saw 
logs. The average saw logs coming from the Bitterroot are of small 
diameter. Applying this factor and multiplying the result by the stumpage 
value, the following values were determined. 
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Table 5 
End of Rotation Value (Selection Cut) 
B.F. 
Habitat Sp. SI Yield Factor Vol. Price/M Value 
PP/Feid PP 30 3552 6 21 $40.12 $ 842.52 
PP/Feid PP 46 6156 6 37 40.12 1,484.44 
PP/Feid PP 62 9948 6 60 40.12 2,407.20 
DF/Syal PP 32 3840 6 23 40.12 922.76 
DF/Syal PP 50 6948 6 42 40.12 1,685.04 
DF/Syal PP 68 11760 6 71 40.12 2,848.52 
DF/Syal DF 33 6 — 
DF/Syal DF 49 6756 6 41 20.16 826.56 
DF/Syal DF 65 10788 6 65 20.16 1,310.40 
AF/Xete LPP 25 6 
AF/Xete LPP 40 4212 6 25 19.17 479.25 
AF/Xete LPP 55 7632 6 46 19.17 881.82 
By subtracting the total compounded costs from the per acre 
stumpage values, the net worth can be determined for each interest rate, 
by site index and habitat type at the end of rotation. The interest rate 
that produces a net worth of zero, or the point at which the cost and 
return are equal, is the rate of return for that particular schedule of 
treatment. By graphing the results, a more exact rate of return can be 
found. The following table reflects the results of the graphs in 
Appendix F. 
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Table 6 
Internal Rate of Return (Selection Cut) 
Habitat 
PP/Feid 
PP/Feid 
PP/Feid 
DF/Syal 
DF/Syal 
DF/Syal 
DF/Syal 
DF/Syal 
DF/Syal 
AF/Xete 
AF/Xete 
AF/Xete 
SI Sp. 
30 
46 
62 
32 
50 
68 
49 
65 
40 
55 
PP 
PP 
PP 
PP 
PP 
PP 
DF 
DF 
DF 
LPP 
LPP 
LPP 
Rate of Return% 
2.10 
2*82 
3.50 
2.20 
2.95 
3.60 
2.07 
2.66  
1.33 
2.37 
Results of sensitivity tests 
Graphing the data from Appendix I makes the following ranking 
of costs possible; the costs are arranged in order from the most sensitive 
or critical cost to the least sensitive: 
Selection Cut 
1. Annual costs 
2. Precommercial thinning cost 
3. Scarification cost 
The precommercial thinning cost and the scarification cost are quite 
similar to one another with the precommercial thinning cost slightly 
more sensitive. The cost which is most critical is the annual cost. 
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Shelterwood Cut 
Yield results 
Table 7 
Shelterwood Cut Yields* 
PP/Feid: 
Ponderosa pine 
SI Yield Cut Total Yield** 
30 
46 
62 
DF/Syal: 
Ponderosa pine 
32 
50 
68 
DF/Syal: 
Douglas-fir 
33*** 
49 
65 
AF/Xete: 
Lodgepole pine 
25*** 
40 
55 
1,331 
2,049 
2,944 
1,380 
2,269 
3,470 
1,678 
2,774 
1,358 
2,143 
3,992 
6,146 
8,833 
4,140 
6,808 
10,410 
5,034 
8,312 
4,074 
6,428 
*Three cuts at ages 100, 110, and 120 years. 
**All yields in cubic ft./acre volume and include stump and top but 
not bark of all trees .6 inches in diameter and over. 
***No yield tables for index this low. 
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Total compound cost 
Table 8 
Compound Cost (Shelterwood Cut) 
Interest % Future Cost at 120 Years 
1% $ 533.98 
2% 1,433.90 
3% 4,022,29 
4% 11,536.78 
5% 33,430.93 
6% 97,229.89 
7% 282,760.84 
8% 820,437.77 
9% 2,371,781.67 
10% 6,825,020.74 
Internal rate of return 
As with the selection method, a value must be placed on the yields 
in order to determine the rate of return. The table below shows the 
results of the value determination. 
Table 9 
End of Rotation Value (Shelterwood Cut) 
Habitat Sp. SI Yield* Factor 
B.F. 
Vol.** Price/M Value 
PP/Feid PP 30 3992 6 24 $40.12 $ 962.88 
PP/Feid PP 46 6146 6 37 40.12 1,484.44 
PP/Feid PP 62 8833 6 53 40.12 2,126.36 
DF/Syal PP 32 4140 6 25 40.12 1,000.00 
DF/Syal PP 50 6808 6 41 40.12 1,644.92 
DF/Syal PP 68 10410 6 62 40.12 2,487.44 
DF/Syal DF 33 6 — 20.16 
DF/Syal DF 49 5034 6 30 20.16 604.80 
DF/Syal DF 65 8034 6 50 20.16 1,008.00 
AF/Xete LPP 25 6 — 19.17 
AF/Xete LPP 40 4074 6 24 19.17 460.08 
AF/Xete LPP 55 6428 6 39 19.17 747.63 
*Yield expressed in cubic feet 
**Rounded to the nearest thousand board feet. 
46 
After the value has been determined, the internal rate of return 
is arrived at through use of the graphing method (See Appendix F for 
appropriate graphs)• The following table shows the internal rate of 
return for the shelterwood method. 
Table 10 
Internal Rate of Return (Shelterwood Cut) 
Habitat SI Sp. Rate of Ri 
PP/Feid 30 PP 1.55 
PP/Feid 46 PP 2.04 
PP/Feid 62 PP 2.33 
DF/Syal 32 PP 1.56 
DF/Syal 50 PP 2.14 
DF/Syal 60 PP 2.54 
DF/Syal DF 
DF/Syal 49 DF 1.10 
DF/Syal 65 DF 1.62 
AF/Xete ...» LPP 
AF/Xete 40 LPP 0.87 
AF/Xete 55 LPP 1.37 
Results of sensitivity tests 
A ranking of the sensitivity of costs from most to least 
follows: 
Shelterwood Cut 
1. Scarification cost 
2. Precommercial thinning cost 
3. Annual costs 
In this alternative, the scarification cost is much more critical than 
either the precommercial thinning cost or the annual costs, both of which 
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appear to be similar in their sensitivity with the precommercial thinning 
cost somewhat more sensitive than the annual costs. 
Seed Tree Cut 
Yield Results 
The yields expressed in the table below include not only figures 
based on the seed tree method, but also yields based on clearcutting with 
terracing, and clearcutting with site preparation, for in fact the 
yields for these three methods are the same. 
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Table 11 
Yields (SeedTree Cut, Clearcut with Terracing, 
Clearcut with Site Preparation)** 
PP/Feid: 
SI Yield/Thin. * Harvest Cut Total Cut 
30 
46 
62 
650 
1,000 
1,337 
2,780 
4,596 
7,120 
4,080 
6,596 
9,794 
DF/Syal: 
Ponderosa pine 
32 
50 
68 
675 
1,112 
1,715 
2,950 
5,121 
8,330 
4,305 
7,334 
11,760 
Douglas fir 
33*** 
49 
65 
706 
1,181 
4,225 
6,858 
5,637 
9,220 
Lodgepole pine 
25*** 
40 
55 
621 
932 
2,997 
5,045 
4,239 
6,909 
*Two thinnings at ages 70 and 95. 
**Yield expressed in cubic ft./acre and includes top and stump but 
not bark of all trees .6 inches in diameter and over. 
***No yield table for index this low. 
Total compound cost 
The total end of rotation compound cost for the seed tree 
alternative at interest rates of from 1%-10% appears on page 49. 
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Table 12 
Compound Cost (Seed Tree Cut) 
Interest % Future Cost at 120 Years 
1% $ 575.66 
2% 1,569.87 
3% 4,460.69 
4% 12,934.45 
5% 37,837.69 
6% 110,973.71 
7% 325,169.71 
8% 949,933.07 
9% 2,763,147.68 
10% 7,995,936.28 
Internal rate of return 
The end of rotation value for the seed tree cut and both clearcut 
methods are given in the following table. 
Table 13 
End of Rotation (Seed Tree, Clearcut with Terracing, Clearcut with 
Site Preparation) 
B.F. 
Habitat Sp. SI Yield* Factor Vol.** Price/M Value 
PP/Feid PP 30 4080 6 24 $40.12 $ 962.88 
PP/Feid PP 46 6596 6 40 40.12 1,604.80 
PP/Feid PP 62 9794 6 59 40.12 2,367.08 
DF/Syal PP 32 4305 6 26 40.12 1,043.12 
DF/Syal PP 50 7334 6 44 40.12 1,765.28 
DF/Syal PP 68 11760 6 71 40.12 2,848.52 
DF/Syal DF 33 6 — 20.16 
DF/Syal DF 49 5637 6 34 20.16 685.44 
DF/Syal DF 65 9220 6 55 20.16 1,108.80 
AF/Xete LPP 25 6 — 19.17 
AF/Xete LPP 40 4239 6 25 19.17 479.25 
AF/Xete LPP 55 6909 6 41 19.17 785.97 
•Yield expressed in cubic feet. 
**Rouded to the nearest thousand board feet. 
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By the use of the graphing method (Appendix F) , the following table was 
developed to show the internal rate of return for the seed tree cut. 
Table 14 
Internal Rate of Return (Seed Tree) 
Habitat SI sp- Rate of R< 
PP/Feid 30 PP 1.47 
PP/Feid 46 PP 2.02 
PP/Feid 62 PP 2.40 
DF/Syal 32 PP 1.50 
DF/Syal 50 PP 2.10 
DF/Syal 68 PP 2.58 
DF/Syal — DF —— 
DF/Syal 49 DF 1.17 
DF/Syal 65 DF 1.61 
AF/Xete — LPP 
AF/Xete 40 LPP 0.86 
AF/Xete 55 LPP 1.32 
Results of sensitivity tests 
For the seed tree method, a ranking of cost sensitivity follows: 
Seed Tree Cut 
1. Scarification cost 
2. Precommercial thinning 
3. Annual costs 
As with shelterwood, the precommercial thinning cost and annual costs 
are similar to one another in degree of sensitivity. This is not 
surprising inasmuch as the figures are the same for both alternatives. 
The scarification cost for this alternative is by far much more sensitive 
than the other costs, and appears to be the most sensitive of all the costs 
in each of the alternatives (Appendix I for data). 
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Clearcut with Site Preparation 
Yield results 
The yield results for clearcut with site preparation are the 
same as for the seed tree method and therefore appear in the seed tree 
yield table on page 48, 
Total compound cost 
The costs at end of rotation for the seed tree cut at compound 
interest rates of from 1%-10% follows: 
Table 15 
Compound Cost (Clearcut with Site 
Preparation) 
Interest % Future Cost at 120 Years 
1% $ 686.16 
2% 1,908.43 
3% 5,492.11 
4% 16,058.27 
5% 47,242.11 
6% 139,114.53 
7% 408,844.36 
8% 1,197,128.09 
9% 3,488,586.96 
10% 10,110,441.71 
For both clearcut with site preparation and clearcut with terracing, the 
schedule of treatment includes precommercial thinning. This assumes 
that one of two things happened, either that following site preparation 
the area was too densely planted, or that the area had undesired natural 
seedlings competing with the planted stock. If an area is not overstocked, 
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it is possible to drop the cost of precommercial thinning from the 
schedule of treatment from both of these harvesting methods. Doing so, 
the following compounded costs will result: 
Table 16 
Compound Cost (Clearcut with Site Preparation 
without Precommercial Thinning 
Interest % Future Cost at 120 Years 
1% $ 482.69 
2% 1,335.89 
3% 3,897.32 
4% 11,659.89 
5% 35,228.99 
6% 106,612.72 
7% 321,730.31 
8% 965,769.29 
9% 2,879,647.70 
10% 8,521,808.51 
By dropping out the cost of precommercial thinning, the end of rotation 
total compound cost is reduced substantially. In fact, if the pre­
commercial thinning can be dropped from the schedule of treatment for 
clearcut with terracing alternative, this harvesting system becomes the 
least expensive after the selection method. Where precommercial thinning 
is not required, the only treatment costs remaining are the terracing 
cost, which is roughly equal to site preparation in the clearcut with 
site preparation method, and planting, which is approximately one third 
the cost of hand planting. 
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Internal rate of return 
The values at the end of rotation are same as for the seed tree 
method as mentioned earlier. Using the graphing method (Appendix F), 
the following rates of return for the clearcut with site preparation were 
derived. 
Table 17 
Internal Rate of Return (Clearcut with Site 
Preparation) 
Habitat SI Sp. Rate of In 
PP/Feid 30 PP 1.31 
PP/Feid 46 PP 1.71 
PP/Feid 62 PP 2.17 
DF/Syal 32 PP 1.31 
DF/Syal 50 PP 1.90 
DF/Syal 68 PP 2.44 
DF/Syal — DF 
DF/Syal 49 DF 0.92 
DF/Syal 65 DF 1.45 
AF/Xete — LPP — 
AF/Xete 40 LPP 0.74 
AF/Xete 55 LPP 1.12 
If the cost of precommercial thinning is dropped from the analysis, 
the rates of return are augmented as follows: 
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Table 18 
Internal Rate of Return (Clearcut with Site Preparation 
without Precommercial Thinning) 
Habitat SI Sp. Rate of R< 
PP/Feid 30 PP 1.65 
PP/Feid 46 PP 2.19 
PP/Feid 62 PP 2.55 
DF/Syal 32 PP 1.74 
DF/Syal 50 PP 2.25 
DF/Syal 68 PP 2.70 
DF/Syal — DF 
DF/Syal 49 DF 1.32 
DF/Syal 65 DF 1.80 
AF/Xete LPP ____ 
AF/Xete 40 LPP 0.98 
AF/Xete 55 LPP 1.48 
Results of sensitivity tests 
The ranking of sensitivity for the clearcut with site preparation 
method is as seen below: 
Clearcut with Site Preparation 
1. Precommercial thinning cost 
2. Planting costs 
3. Scarification cost 
4. Annual costs 
With this alternative, the land manager is faced with two highly 
sensitive costs: precommercial thinning and planting. Because both 
costs are sensitive, it would be desirable to reduce the costs of both 
in order to reduce the over-all cost of the alternative. The site 
preparation cost is also fairly sensitive by itself (Appendix I for data). 
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Clearcut with Terracing 
Yield results 
Same as for seed tree cut and clearcut with site preparation 
(Table 11, page 48. 
Total compound cost 
For clearcut with terracing, the total compound cost at the end 
of rotation at interest rates of from 1%-10% were as follows: 
Table 19 
Compound Interest (Clearcut with Terracing) 
Interest % Future Cost at 120 Years 
1% 
2% 
3% 
4% 
5% 
6% 
7% 
8% 
9% 
10% 
$ 593.39 
908,916.46 
2,617,541.94 
7,504,389.79 
1,605.82 
4,516.38 
12,947.55 
37,434.43 
108,525.58 
314,456.93 
If the cost of precommercial thinning is dropped out of the 
schedule of treatment for this alternative, the following figures 
result. 
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Table 20 
Compound Cost (Clearcut with Terracing 
without Precommercial Thinning 
Interest % Future Cost at 120 Years 
1% $ 389.92 
2% 1,033.28 
3% 2,921.59 
4% 8,549.17 
5% 25,420.97 
6% 76,023.77 
7% 227,342.85 
8% 677,557.66 
9% 2,008,602.68 
10% 5,915,756.59 
Internal rate of return 
The value determination for clearcut with terracing is the same 
as for the seed tree cut. Applying the graphing method of determining the 
internal rate of return (Appendix F), the results are as follows: 
Table 21 
Internal Rate of Return (Clearcut with Terracing) 
Habitat SI Sp, Rate of Return 
PP/Feid 30 PP 1.30 
PP/Feid 46 PP 1.98 
PP/Feid 62 PP 2.37 
DF/Syal 32 PP 1.49 
DF/Syal 50 PP 2.08 
DF/Syal 68 PP 2.56 
DF/Syal — DF 
DF/Syal 49 DF 1.15 
DF/Syal 65 DF 1.58 
AF/Xete — LPP 
AF/Xete 40 LPP 0.82 
AF/Xete 55 LPP 1.28 
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When the cost of precommercial thinning is dropped out of the 
analysis, the rates of return are increased; these rates are reflected 
in the following table. 
Table 22 
Internal Rate of Return (Clearcut with Terracing 
without Precommercial Thinning) 
Habitat SI Sp. Rate of R 
PP/Feid 30 PP 1.94 
PP/Feid 46 PP 2.49 
PP/Feid 62 PP 2.80 
DF/Syal 32 PP 2.01 
DF/Syal 50 PP 2.50 
DF/Syal 68 PP 2.98 
DF/Syal DF 
DF/Syal 49 DF 1.55 
DF/Syal 65 DF 2.08 
AF/Xete — LPP —„ 
AF/Xete 40 LPP 1.17 
AF/Xete 55 LPP 1.71 
Results of Sensitivity tests 
The following is a list of costs ranked from most sensitive to 
least sensitive for the clearcut with terracing method. 
Clearcut with Terracing 
1. Precommercial thinning cost 
2. Terracing cost 
3. Annual costs 
4. Planting cost 
As with the clearcut with site preparation, this alternative's most 
sensitive cost is precommercial thinning. The degree of sensitivity is 
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the same in both alternatives. The terracing cost is also quite 
sensitive, indicating that if this cost could be reduced, it would also 
improve the cost situation of this alternative. 
Sensitivity of Interest Rates 
The last variable to be dealt with is the sensitivity of each of 
the alternatives as the interest rate is changed. The ranking that 
follows is simply a listing of the most sensitive alternative to the 
least sensitive as the interest rate is changed from 1% to 5%: 
1. Clearcut with site preparation 
2. Clearcut with terracing 
3. Seed tree cut 
4. Shelterwood cut 
5. Clearcut with site preparation without precommercial thinning 
6. Clearcut with terracing without precommercial thinning 
7. Selection cut 
It can be seen from the graph in Appendix H that of all the variables 
tested, changes in the interest rate charged has the greatest effect on 
the total compounded cost. With each additional increase in Interest 
rate, the cost at end of rotation makes a two- to three-fold increase. 
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CHAPTER V 
DISCUSSION 
The Cost of Growing Timber 
If one divorces all other sources of revenue and value return, 
such as grazing, water production, and recreation, from the management 
of the selected habitats, and emphasizes only timber production, the 
cost of stand reestablishment and treatment by other than the most 
extensive means becomes extremely costly when normal economic analysis 
is applied. This point can be illustrated by considering the interest 
rates that are to be charged by land management agencies within the 
federal government. 
The interest rate to be used in plan formulation 
for discounting future benefits and computing costs, or 
otherwise converting benefits and costs shall be based 
upon the average rate of interest payable by the Treasury 
on interest-bearing marketable securities of the United 
states outstanding at the end of the fiscal year preceding 
such computation which, upon original issue, had terms 
to maturity of fifteen years or more. Where the average 
rate so calculated is not a multiple of one-eighthof 1 
percent, the rate of the interest shall be the multiple 
of one-eighth of 1 percent next lower than such average 
rate (25). 
For the end of fiscal year 1972, the interest was 5.59% (5). Using the 
next lowest one-eighth percent multiplier, the interest rate to use 
would be 5.5%. This would be the rate the Department of the Army; the 
Department of Health, Education and Welfare; and the Department of Interior 
would have to use to determine if an investment of public money would be 
justified. 
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Gregory (15) suggests that 11. . .the appropriate interest rate 
for public investment is the opportunity cost of capital taken from 
private investors by the tax system." This rate at the end of fiscal 
year 1972 was 7.36%, if one considers investment in private industrial 
corporate bonds, or 7.83%, if one considers investment in a public 
utility (5). 
A third interest rate which could be used is the rate often used 
in forestry, the uninflated traditional rate of 3% (12). The use of 
this rate of interest is highly questionable, expecially if one considers 
the interest an individual can get from a personal savings account; 
yet it is the adjusted interest after inflation is allowed for. 
In order to illustrate the cost of growing timber on the habitats 
selected and the range of expected yields, Interest rates approximating 
those discussed earlier were used in the calculations; whole percents were 
used: 3%, 5%, 7%, and 8%. Because the rates are approximations, the 
total costs are not exact; however, the range of costs is indicated. 
Clearly, the interest rates cited vary by month. The long term United 
States bonds have varied from 4.85% in 1967 to as high as 6.59% in 1970 
(5). A similar variation occurs in corporate bonds, both industrial 
and public utility; the variation is the result of the money market at 
the time. Even with this variation, it can be generally stated that 
the trend in rates of interest is upward. 
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Table 23 
Interest, Cost, and Yield 
Selection Cut 
Interest Total Cost Range of Total Yield* 
3% 
5% 
$ 1,745.62 PP/Feid DF/Syal AF/Xete 
9,699.70 PP PP DF** LPP** 
6% 23,677.85 3552 - 3840 - 6756 - 4212 -
7% 58,874.98 9948 11,760 10,788 7632 
8% 148,685.75 
Shelterwood Cut 
3% $ 4,022.29 
5% 33,430.93 
6% 97,229.89 3992 - 4140 - 5034 - 4074 -
7% 282,760.84 8833 10,410 8321 6428 
8% 820,437.77 
Seed tree cut 
3% $ 4,460.69 
5% 37,837.69 
6% 110,973.71 4080 - 4305 - 5637 - 4239 -
7% 325,169.71 9749 11,760 9220 6909 
8% 949,933.07 
Clearcut With Site Preparation 
3% $ 5,492.11 
5% 47,242.35 
6% 139,114.53 4080 - 4305 - 5637 - 4239 -
7% 408,844.36 9749 11,760 9220 6909 
8% 1,197,128.09 
Clearcut with Terracing 
3% 4,516.38 
5* 37,434.38 
6% 108,525.58 4080 - 4305 - 5637 - 4239 -
7% 314,456.93 9749 11,760 9220 6909 
8% 908,916.46 
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Table 23 (cont.) 
Clearcut and Site Preparation (No Precom. Thinning) 
Interest Total Cost Range of Total Yield* 
3% $ 3,897.32 PP/Feid DF/Syal AF/Xete 
5% 35,"28.89 PP PP DF** LPP** 
6% 106,612.72 4080 - 4305 • 5637 - 4239 -
7% 321,730.31 9749 11,760 9220 6909 
8% 965,769.29 
Clearcut and Terracing (No Precom. Thinning) 
3% $ 2,921.51 
5% 25,420.97 
6% 76,032.77 4080 - 4305 - 5630 - 4239 -
7% 227,342.85 9749 11,760 9220 6909 
8% 677,557.65 
* Yields are in cubic ft./acre and include stump and top but not bark 
of all trees .6 inches in diameter and larger. 
**The low range yields for Douglas fir and lodgepole pine are not 
listed because of lack of yield information. The range of yields 
is from mean to high for these species. 
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The costs in this study are averages and as such can at best 
only be estimates. Compounding this is the limited knowledge of yields 
in this area. Again, the expected total yields should be treated as 
best estimates. These yield figures include the total cubic yield that 
can be expected from the Individual acre of all trees .6 inches in 
diameter and over. In no way, under today"s utilization standards and 
merchantability standards, can these yields be expected to be realized. 
In fact, the Chief of the Forest Service, John McGuire, pointed out that 
only 50% of the wood grown is harvested, and of that only 50% is utilized 
(21) . This may be a conservative estimate of the use of wood, but it 
does point out that if the yields listed in Table 23 are to be approached, 
a great deal more has to be done in the wood utilization field. 
This Is not Intended to mean that the production of timber in the 
Bitterroot on these habitat types should not be undertaken, but it does 
show that the cost of wood production alone may be unjustified from a 
purely economic point of view. It does mean there must be other 
justifications for the undertaking. 
Using the interest rates prescribed by the federal agencies 
i.e. between 5% and 6% shows that the cost most likely can never be 
by the yields alone unless the stumpage value of the wood produced 
increases tremendously over the next rotation. Even using a 3% rate of 
return, the cost can be justified only on the best sites within the 
three habitats, and then only with the most extensive management, relying 
on natural regeneration and doing as little as possible in terms of 
site preparation and timber stand improvement. 
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There are habitats which are more productive in the Bitterroot. 
These too should be identified and analyzed to determine if investment 
in timber can be justified. When these are identified, they should 
receive public money first. The Forest has moved in this direction and 
is now in the process of mapping habitats; those with low productivity 
are being managed for purposes other than for timber, for instance, 
for winter range for big game. That is not to say that timber will not 
be removed, but Its removal will be a consideration in concert with 
its use as a winter range. This study substantiates the decision to 
manage low productivity sites for other than timber production. In the 
case of the PP/Feid habitat, this would be an especially good decision. 
This habitat occurs on dry sites and it is very infrequent that the stands 
approach normal stocking; the yields in this study are based on normally 
stocked stands. This tends to make any decision to invest in timber 
production on this habitat poor, because the yields to be expected 
would probably be even lower than those indicated in the study. 
There are other reasons which should be investigated to justify, 
at least economically, the production of timber on the other two habitats 
studied, all of them beyond the Intended scope of this paper. However, 
they should be suggested. This study does not attempt to carry the 
economic analysis beyond the yields that may be expected, the total cost 
of timber production, and the rate of return generated by each of the 
suggested treatments; it does not attempt to analyze the impact of the 
yield on the timber market, or its effect on employment both within the 
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Forest Service and the private sector of the economy; nor does it try 
to measure the social values of a stable economy in western Montana, or 
the value of having a continuous supply of saw logs in the future coming 
from these habitats in the Bitterroot. However, it appears from the 
results of this study that the major justification for intensive management 
on these habits must come from these other sources and not from the 
expected yields and stumpage value returned to the Treasury. 
Selection of Treatments 
(See Table 24) Whatever the justification for growing timber, 
the method of harvest and schedule of treatment that gives the best 
return should be considered. It is not always possible to select the 
alternative that gives the best return, but within the biological and 
social constraints imposed on the land manager, the selection of alternatives 
should be aimed at getting as high a return as possible. 
According to the results of the analysis of the rate of return 
(Chapter IV and Table 24), the method of harvest and schedule of treat­
ment which produced the highest rate of return was the selection method. 
Frequently, it is not possible to use this method in this region. By 
using the selection method, the manager is forcing the stand into an 
uneven age distribution which is difficult to maintain especially in 
this area which is susceptible to periodic large wild fires resulting in 
even-aged stands (3). In order to manage under this system, a developed 
road system has to be in existence, because frequent entrance into the 
stand is required for harvesting. The topography of the land must also 
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Table 24 
% Rate of Return Comparison 
(Mean Site Index) 
Methods 
Habitat Sp. Shelter- Seed CC & S.P. 
Selection wood Tree Site Prep. (No thin) 
PP/Feid PP 2.82 2.04 2.02* 1.71* 2.19* 
DF/Syal PP 2.95 2.14 2.10 1.90 2.25 
DF/Syal DF 2.07 1.10 1.17 0.92 1.32 
AF/Xete LPP 1.33* 0.87* 0.86* 0.74 0.98 
CC & Terr. CC & Terr. (No thin.) 
PP/Feid PP 1.98* 2.49* 
DF/Syal PP 2.08 2.50 
DF/Syal DF 1.15 1.55 
AF/Xete LPP 0.82 1.17 
* Indicates those alternatives which frequently have biologic constraints 
which may prevent their application. 
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be favorable for harvesting purposes, and the right type of equipment 
must be used to do the job so as to prevent damage to the remaining trees 
and reproduction. Along with all of these qualifying factors, there is 
the additional problem of managing with species which possess the ability 
to grow and reproduce well under this type of reproduction system. All 
of these have to be considered by the land manager before he can choose 
and use the selection method. Keeping in mind these difficulties, as well 
as the low productivity expected, the best place for the use of the 
selection method is on the PP/Feid habitat. The PP/Feid habitat usually 
occurs at lower elevations where roads are most frequently developed, 
slopes are gentle, and ponderosa pine grows fairly open and would be 
easily managed. In the application of the selection method, the manager 
would have to be careful that it did not degenerate to high grading, 
where timber is removed on the basis of value alone rather than on the 
basis of age, vigor, and form. Within the limits mentioned, the selection 
method or one of its variations—single tree selection, group selection, 
or strip selection—could be employed on the other two habitats. For 
example, the selection method can be applied to the DF/Syal habitat 
where the road system and topography would be favorable; where the ground 
is steep, one of the variations—strip selection—may be used. Even in 
the AF/Xete habitat, the method has favorable application where 
aesthetics, wildlife, and water production are critical factors (1). 
There may be some question as to the ability of lodgepole pine to 
reproduce using this method; however, it can reproduce, although it is 
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recognized that lodgepole pine reproduces best under full sunlight 
conditions C31). The selection system could be modified so as to cut 
in small patches and in this way provide a more optimum regeneration 
site and growing condition. This is not to say that the clearcut methods 
are not still the best silvicultural tools for the management of lodgepole 
in this habitat. 
The alternative which generated the second highest rate of 
return was the clearcut and terracing method without precommercial 
thinning (Chapter IV and Table 24). As can be seen from the total 
yields of all the harvesting methods studied, there is little difference 
among the various yields. The clearcut method generally appears to 
give the highest yield except for SI-60 where the selection cut is the 
highest. The reason is probably that the stand is kept under normal 
stocking for the entire rotation and yield capacity is maintained at an 
optimum level for the entire rotation length, while for each of the other 
methods, there is a period during the rotation, from the time the 
maximum mean annual increment drops off to the first commercial cut, that 
the stand is not growing at its optimum rate. 
From a silvicultural approach at least, the clearcut method is 
probably the system which has received widest acceptance in the 
northern Rocky Mountains on public lands; there are good biologic reasons 
for this acceptance. Clearcutting produces an even-aged stand, which is 
the most frequently occurring type of natural stand in the Bitterroot. 
Also r the timber species which are the most valuable are the serai species 
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which do best under conditions of full sunlight following fire or other 
drastic disturbance. This is true for each habitat except PP/Feid on 
which ponderosa pine is the climax species. The clearcutting method is 
then, for intensive management on DF/Syal and AF/Xete, a good and 
accepatable method of treatment if a low cost situation can be maintained. 
As a site preparation method, terracing is not an acceptable 
means based on the public reaction. Scalping and machine planting, from 
a cost point of view, appears to be a tool which should be used instead, 
even though it cannot be used on steep slopes. This last factor does 
limit the use of clearcutting and scalping to fairly gentle topography 
within the DF/Syal and AF/Xete habitats. Needless to say, even this 
system should be used where its aesthetic impact is minimal. According 
to Smith (30) "clearcutting is aesthetically the least desirable of the 
four high forest methods, chiefly because of the monotonous regularity 
of arrangement of age classes and the devastated appearance of recently 
cut over areas.11 If the situation following harvest is compounded by 
an aesthetically displeasing method of site preparation on areas that 
are highly visible to the public, then the manager runs the risk of 
having this tool also removed from his use. This would be extremely 
unfortunate, because some form of site preparation is normally required, 
and at the present time, scalping is the least costly method in use. If 
proper spacing in planting stock is used, the unnecessary application of 
precommercial thinning is prevented. After the precommercial thinning 
cost, the terracing cost is the next most sensitive; if this cost can 
be lowered, the clearcut treatment would become even more favorable. 
70 
As long as artificial regeneration is relied on in the DF/Syal 
habitat, it is economically prudent to favor the planting of ponderosa 
pine. The rate of return is much higher for ponderosa pine than for 
Douglas-fir regardless of the method of harvest employed. The planting 
of other species except as a means of preventing a monoculture is not an 
efficient use of money. The threat of a monoculture developing is not 
a very viable one, because Douglas-fir will be present in the DF/Syal 
habitat unless the total seed source for it is destroyed, which does not 
seem probable. 
As stated earlier, clearcutting with scalping in place of 
terracing is a favorable alternative unless precommercial thinning is 
necessary; in that instance, it becomes one of the least favorable. This 
should be a major consideration when the manager contemplates its use 
relative to the use of other alternatives. 
The alternative which offers the third most favorable rate of 
return (Chapter IV and Table 25} is the clearcut method with site 
preparation without precommercial thinning* The cutting method is the 
same as with the alternative previously discussed; likewise, the 
characterists of the stands produced by these two methods are the same. 
The difference between the two is in regard to the costs in planting and 
the locations where they can be applied. The clearcut with scalping 
can only be applied to gentle topography. As a means of dealing with 
steeper slopes and severe site preparations problems the use of dozer 
piling and burning, or the use of broadcast burning is made. Planting 
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is done by hand, frequently with the aid of a mechanical auger. This 
planting cost is the most sensitive cost after the precommercial thinning 
is dropped out of the schedule of treatment. It is the cost which makes 
the financial difference between the two clearcut methods, and is due to 
the inability to operate a planting machine on these locations. If the 
planting cost could be reduced, this method would be economically more 
attractive. 
A point that was not mentioned earlier regarding the application 
of this method, but which should be brought out is that often, particularly 
in the AF/Xete habitat, the choice of alternatives is limited by the age 
and condition of the stand. For example, the shelterwood and selection 
methods may be impossible to use because if the stand is opened by a 
partial cutting, the entire stand may be lost through blowdown. Even 
though the manager would like to consider them alternatives, the application 
of the methods may well be biologically impossible. He may be able to 
choose between the clearcut methods or opt to do nothing to the 
particular stand. 
The cost of road construction into an area is also one of the 
major considerations in picking a harvesting method. Unfortunately, 
this cost may be a decisive factor. This is the obvious disadvantage 
of having road construction tied directly to the timber to be sold. If 
money for road construction could be obtained for a land management plan, 
rather than for timber sale plans, the manager could choose the appropri­
ate alternative without having to worry about covering the cost of road 
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development. This would open choices of alternatives, expecially in 
the DF/Syal and AF/Xete habitats where the constraints on the choices 
are more numerous. 
The shelterwood method is the next most favorable alternative. 
As do the clearcut methods/ the shelterwood system produces even-aged 
stands, the big difference being that the regeneration is present and 
well established when the last cut or removal cut is made. From an 
aesthetic point of view, this is a strong advantage. Another advantage 
of the use of the shelterwood method is that the manager has the chance 
of several good seed years in which to establish a new crop. With each 
of the several cuts, the manager also has the opportunity to do site 
preparation. The manager has a unique advantage under this method of 
choosing the trees which are to be left for additional cuts, and thus 
has the opportunity to improve the next stand by removing the poorer 
trees and by leaving the superior trees to provide the seed source. This 
can also be disadvantageous if cost of access to the stand is high. It 
is difficult to pay for road access with the low quality trees which should 
be removed with the first cutting. However, by removing the poor trees 
first, this does produce the advantage of accelerated diameter growth 
on the remaining stand for future harvest. 
Of all the methods discussed in this study, the shelterwood 
method has the widest application on the Bitterroot. It can be applied 
to all three habitats herein discussed. The limitations which would be 
imposed on the use of the shelterwood system center around the terrain; 
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it can only be applied to operable ground. In the AF/Xete habitat, there 
is the additional limitation of blowdown, but even this can be dealt 
with if the manager is aware of the limitation and lays out the cutting 
area appropriately, for it must be kept away from ridge tops, areas of 
high winds, and steep slopes. The scarification cost should be reduced 
to make the method more favorable. As It Is, the shelterwood method is 
only slightly more attractive financially speaking than the seed tree 
method. 
Seed tree is the next alternative on the decending scale of 
economic desirability. This method, like several of the others discussed, 
produces an even-aged stand; aesthetically, it is somewhat more pleasant 
to view than areas which are clearcut because trees are left. Other than 
that, the advantages and disadvantages are quite similar to those of the 
clearcutting methods. The seed tree stand is easy to administer; logging 
equipment can be chosen without regard to damage to any residual stand 
except the seed trees. As a consequence, this method can be applied to 
steep slopes. On the other hand, it could reduce protection against 
erosion, landslide, and rapid runoff of water. (The latter can be an 
advantage where increased water production is a desired effect (1). ) 
From the standpoint of return on investment, this method is 
slightly less desirable than the shelterwood cut and slightly more 
acceptable than clearcutting with terracing (or scalping) with pre­
commercial thinning. All three methods are close in the rate of return 
which they generate. The scarification cost under this option is 
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extremely sensitive and of course, when possible should be reduced. This 
cost has the most effect on the total compound cost at the end of 
rotation, more so than does any cost within any of the other alternatives. 
For the most part, the application of the seed tree method should 
be limited to the DF/Syal habitat. It has only limited application on 
the AF/Xete because of the danger of blowdown in this habitat with 
lodgepole pine. With the seed tree method, as with the shelterwood 
method, the manager has flexibility in choosing the trees he wishes to 
leave as seed source. 
The alternatives which offer the poorest rates of return are 
clearcutting with terracing with precommercial thinning and clearcutting 
with site preparation with precommercial thinning. Clearcutting with 
terracing and precommercial thinning generates a slightly higher return 
than the other clearcut system. 
From the difference in the rates of return between methods with 
and without precommercial thinning (Chapter IV and Table 24) , it is 
obvious that over-stocking a plantation is very costly. It is costly 
not only from the standpoint of waste in planting stock, but also in 
waste of expense in additional treatment—precommercial thinning—that 
does not add to the direct value of the stand. If precommercial thinning 
is performed, all it does is bring the stand to a merchantable size at 
an earlier age than if left in its overstocked condition. If the stand 
were not over-stocked from the initial planting, the thinning expense 
would not be required. One wonders if the cost of precommercial thinning 
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is worth the difference in time that one would have to wait if the 
thinning were not performed. One can get an idea of the cost by 
comparing the difference in compounded costs at the various suggested 
interest rates (Table 23 of this chapter) between the methods of clearcut 
with and without precommercial thinning. The benefits of performing such 
a thinning would obviously vary with the stand, site, and other factors. 
One should also consider that the diameter merchantability limits have 
historically gone to smaller and smaller sizes. Waiting to perform 
a thinning until the work is possible on a commercial basis may prove 
a sound decision. It may be possible to "break even" or at least reduce 
the cost under these conditions. 
Changing Alternatives 
There are several benefits derived by the use of sensitivity 
testing in the analysis of alternatives. One can readily see that with 
this type of analysis, a land manager can determine the effect of small 
errors on the total compounded end of rotation costs for each of the 
alternatives. By looking at the graphs of sensitivity tests (Appendix 
G), one can identify the costs which have the least effect on the whole 
by the flatness of the curve for that cost, or the most effect by the 
steepness of the curve, and thereby know for which costs one must have 
the most accurate estimates in order to make decisions between alter­
natives. From the use of similar graphs, the manager can determine 
exactly what a specific change in a cost, or error in cost estimation 
would have on the total compounded costs. This is important because 
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if limits of confidence in the estimates of the costs can be established, 
the range of error or the limits of error can also be established. 
By graphing the results of sensitivity tests, the manager is able 
to identify the point at which a specific cost becomes critical or 
sensitive. In this study, this applies only to interest rate where these 
are graphed. The point at which they become sensitive can be identified 
as the point where the curve steepens. Each of the graphs illustrates 
that the increase in costs by a set rate is a straight line relationship. 
Because this relationship is a linear one, it can easily be described 
by a linear equation. If for two alternatives such as clearcutting with 
terracing, and seed tree it appears that for one, say for example the 
seed tree cut, the cost of site preparation will be 10% higher than the 
average, one can solve the equation, or in this case look at the graph 
at 10% and read the total cost. For the example cited, the total cost 
would be $4,683.00. Because this cost is higher than the average cost 
of the other alternative that is being considered, the manager knows 
that he should consider clearcut with terracing as the appropriate 
alternative. He must be sure there is little error or no reason to 
have higher than average costs in the clearcut and terracing. The linear 
equation for the seed tree cut for the scarification cost in this 
example is as follows: 
Y = 4460.69 + 22.26 
Tor" x 
where: Y = the total compounded cost 
X = % which the cost is above the average cost 
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Solving the equation with a 10% increase in scarification cost, Y = $4,683. 
or the same figure taken from the graph. This figure is much higher 
than the clearcut and terracing costs, so the clearcut and terracing 
alternative could conceivably be substituted for the seed tree alternative. 
The slope of each of these linear curves depends on the interest 
rate used, but so long as the same rate of interest is used for each 
alternative tested, as in this study, an equation can be written for each 
cost for each alternative from the data derived from the sensitivity 
tests. Through the use of this technique, the choice of alternatives can 
be assisted, if there is reason to believe that a cost will be higher 
than a computed average, and an estimate can be made of how much 
higher than average it will be. 
Cost Control 
In the selection method, the annual costs are the most critical 
and this is the cost which will prove to be the most difficult of all to 
reduce. Annual costs are almost in the same category as fixed costs, for 
they are composed of all those costs which go into the administration 
of the Forest. About the only way to reduce the annual costs is to 
develop new, cheaper means of protection and administration. 
Scarification and precommercial thinning costs are also difficult 
to reduce, but developments in new machinery and techniques to do these 
jobs at a less expensive rate may be the answer. Research into these 
areas could in the long run save a great deal of public money, and reduce 
the costs of growing timber considerably. The same holds true for 
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planting costs. New and improved methods of planting, such as 
containerized planting, will have to be developed and put into use. Both 
planting and scarification costs could be reduced if slash could be used 
or removed at less expense. One way to reduce the expense of these 
treatments and at the same time increase utilization is to introduce in­
dustry into the area which would make use of smaller logs or fiber from 
woods residue, rather than mill residue only as is currently the practice. 
By doing this, the precommercial thinning of stands with large diameters 
(those of 4-8 inches) could be halted and placed on a money making 
basis. Or if not on a money making basis, at least the cost could be 
reduced. It may even be desirable, from a cost point of view, to 
partially pay or subsidize the log purchaser for the removal of small 
material and cull logs that are chippable. With an expanded fiber market, 
the slash disposal and site preparation costs could be reduced. The 
introduction of an expanded industry is required if the yields from these 
three habitats are to begin to be realized. If part of the justification 
for intensive management is a stable level of employment, this type of 
industry is a logical consideration. If the costs of growing saw timber 
are excessive due to the length of the necessary rotation and the 
resultant compounding period, the production of a product which requires 
a shorter rotation is a partial answer to the problem, and perhaps in 
the final analysis may be the cheapest solution. 
The table below shows what the total compounded costs would be 
if the rotation length were reduced by half i.e. reduced from one hundred 
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twenty years to sixty years. It shows what the cost of management would 
be if trees of small diameter could be harvested for say pulp production. 
Table 25 
Total Compounded Cost for Sixty Year Rotation 
Shelter- Seed C.C. & C.C. & 
I % Select. wood Tree S.P. Terr. 
1 $ 175.49 $ 253.02 $ 275.96 $ 336.79 $ 224.55 
2 253.82 405.40 446.83 550.02 279.77 
3 370.03 657.53 731.94 907.01 741.39 
4 542.80 1076.10 1208.97 1505.92 1087.81 
5 800.13 1772.52 2008.43 2511.92 1986.85 
6 1184.06 2932.75 3349.39 4202.46 3275.15 
7 1757.82 4866.92 5598.78 7042.78 5413.91 
8 2616.61 8091.26 9370.14 11811.40 8965.06 
9 3904.03 13463.58 15686.86 19807.94 14859.70 
10 5837.05 22406.14 26271.75 33196.35 24637.35 
c.c. & s. P. C.C. & Terr. 
I % No thin. No thin. 
1 $ 224.55 $ 173.48 
2 279.77 287.58 
3 636.32 470.70 
4 1087.81 792.10 
5 1868.77 1343.70 
6 3217.19 2289.90 
7 5539.42 3910.00 
8 9526.53 6680.19 
9 16348.67 11400.43 
10 27978.85 19455.87 
The total costs appear to be favorable for this type of industry, but it 
would depend heavily on the stumpage value of the product. 
There are few ways to control costs within the alternatives 
given the tools and technology that the land manager has now at his 
disposal, outside of the selection of a less expensive alternative of 
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treatment, if one does exist for the situation the manager faces. If 
money is to be spent for the production of saw timber on these habitats, 
it would appear that a much larger amount needs to be spent in the 
research and development required to arrive at cheaper and surer methods 
of performing the job. 
Future Similar Analyses 
In review of this study, there are certain obvious problems which 
have to be addressed if this type of analysis is to be put into common 
usage. The first of these problems is yields. Accurate yield tables for 
second growth timber stands must be developed. There must be tables 
available for each of the timber producing species. Work on the yields 
of Douglas-fir, one of the area*s most common species, is sorely needed. 
Another area in which research must be done has to do with the 
responses of different silvicultural treatments to the species of this 
region. This study suggests that there is little difference in yields 
over a rotation length between the various methods discussed. Until 
further investigation of yields proves otherwise, the same yields might 
be used for the discussed methods in the future, and thus simplify the 
analysis attempted. The relative stockability of the habitat types is 
yet another factor which effects yields which needs to be investigated. 
This is especially true in the case of PP/Feid where stocking is less 
than normal, but it is not known how much less. 
If site index is used as a measure of the productivity of a 
habitat type, as was done in this study, it would seem that future 
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analyses could be done on mean site index figures (See Appendix J). 
Doing so would make for a better comparison of returns between habitat 
types, to show their desirability, rather than extremes within the 
habitat types as was done with this study. 
Costs are another area which was difficult. Certainly the costs 
of the treatments on the various habitat types are not exactly the same. 
If this region is going to make use of habitat types, cost relationships 
ought to be kept stratified by habitat series at least. Cost determination 
for the treatments was difficult. The District personnel knew what the 
costs were because they were familiar with the treatments as well as the 
expenditures; however, when the cost Information left the District it 
lost its specific meaning. If quick easy analysis is to be done, it 
must be done through the use of a computer. The costs must be specific 
enough to be usable at a Regional level. Also, the annual cost charged 
against the treatments must be more refined. A better figure to use 
might be the amount of timber funds requested and actually received. 
This would further refine this cost to timber only. 
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CHAPTER VI 
SUMMARY 
In the past, there has been little application of economic tools 
in the selection of silvicultural alternatives in the northern Rocky 
Mountain area. As different techniques have developed, their use has 
been determined primarily by the immediate success or failure in timber 
stand reestablishment. The cost at the end of rotation, and the return 
on the investment have not been used as aides in the selection of 
alternatives. In former years, the success of regeneration alone may 
have been a justifiable method of picking between different types of 
harvesting and regeneration treatments? however, today this approach 
alone cannot be tolerated. Competition between agencies, regions 
within agencies, and specific areas exists for public money. If public 
land management agencies are to be able to compete successfully for the 
money which they feel is necessary to accomplish their particular goals, 
as well as to maintain their legitimacy in terms of spending priority 
with public money, then the application of economic tools is required. 
These tools must provide a method by which different investments at 
times in the future can be compared today. In order to justify the 
expenditure of public money on an alternative, this type of comparison 
is most necessary. The alternative which gives the best results must 
be considered. Even though the method is not selected as the alternative 
83 
to apply, the process will assist the manager in identifying the reasons 
it was not selected and therefore put him in the position of being able 
to defend his choice. It will also tell the manager what the reasons 
are worth in dollars by showing the difference in cost or rate of return 
between the selected alternative and the alternative which gives the 
lowest cost and the highest rate of return. 
Through the use of simple economic analysis, this study attempts 
to show which of several common harvesting methods and schedules of stand 
treatment have the highest rate of return and the lowest cost over the 
rotation. The study is concerned with only three habitat types found 
on the Bitterroot National Forest. The method used is that of compounding 
the average costs at various interest rates, from the time of occurence 
to the end of rotation, and comparing them with the expected yield for 
each alternative. By assigning the yield an average stumpage value, thus 
determining a value for the timber, the net worth of the alternatives 
is determined at the various interest rates. The rate of return is then 
obtained by graphing the net worth over the various interest rates. 
Through sensitivity testing, the costs which have the greatest effect 
on the total compounded cost is determined. Information derived from 
sensitivity tests provides a means of changing alternatives if 
deviations from average costs can be estimated. 
It can be seen from the results of this study that yields can be 
substantially raised from what is currently being harvested through 
intensive management. The question is whether the cost at any competitive 
rate of interest is worth the investment. From a stumpage return only, 
it is doubtful. There has to be additional justification when public 
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money is to be invested. Certainly, other reasons for intensive 
management do exist; they should be investigated and an attempt made to 
quantify them. As stated in Timber Trends in the United States (33): 
. . .parts of the Rocky Mountain forest area have long 
supported substantial forest industries, and in some areas 
there is now more industrial plant capacity than can 
be kept supplied with logs with current levels of timber 
management. 
There is probably economic and social merit in keeping plants open and 
employment stable. This situation should be analyzed and the return 
which could be added to the stumpage rate determined. If this is not 
done, areas that can prove higher priority and return on investment will 
receive public money in the future. 
As long as there is the decision to practice intensive management 
on the habitats dealt with in this study, the methods used should be 
selected so that the highest possible return is received. This must be 
done within the biological, physical, and social constraints imposed 
on the choice of alternatives. This study shows that the most extensive 
form of management is the method that generally gives the best return 
and the lowest cost. An ordinal ranking of the methods from lowest cost 
and highest return to highest cost and lowest return would be as follows: 
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1. Selection cut 
2. Clearcut with terracing and no precommercial thinning 
3. Clearcut with site preparation and no precommercial thinning 
4. Shelterwood cut 
5. Seed tree cut 
6. Clearcut and terracing 
7. Clearcut with site preparation 
It must be kept in mind that the analysis here is done with 
average figures for costs and stumpage value and that the results cover 
a range of expected yields. These figures are acceptable for planning 
purposes today on the three habatats, but will change with time. What 
is important is that it be recognized that tools for economic analysis 
are available and can be easily used to aid specific decisions; that 
they should be used as a normal part of the decision-making process. 
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APPENDIX A 
SITE INDEX SAMPLING DISTRIBUTION 
TtON 
National 
KEY 
t - PP/Feid Habitat 
x - DF/Syal Habitat 
o - AF/Xete Habitat 
T23N 
50 Year Base - 100 Year Base Site Index Comparison 
O-
0 40 60 A) XDO 120 140 
AGE 
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APPENDIX C 
SITE INDEX CALCULATIONS 
n 
E xi 
Mean site index = X = i = 1 
n 
Where: 
th 
xi = The observed value of the i unit in the sample 
n = The number of units in the sample 
n 
E xi = The means to sum up all of the x-values in the 
i = 1 sample 
High site index = x + 2S 
Low site index = R + 2S 
Where: 
2S = Two standard deviations, and when added to x and 
subtracted from X will include 95% of the sample 
S = IEx2- (Ex)2 
J n-l 
Ex2 = The sum of squared values of all the individual 
measurement 
(Ex) = The square of the sum of all measurements 
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APPENDIX C 
Ccont.) 
n = 
PP/Feid DF/Syal AF/Xete 
PP 
100 
PP 
100 
DF 
100 
AF 
100 
LPP 
100 
n 
£ xi 
i = 1 4634 5012 4936 3548 3979 
x = 46 50 49 35 40 
Ex2 221006 258912 250152 132264 163811 
ii 
C
M
 w
 
214739.56 241201.44 243640.96 125883.04 158324.41 
s = 
N 
Ex2 - (Ex)2 
n = 
n - 1 7.9 8.8 8.1 8.0 7.4 
2S (rounded) = 16 18 16 16 15 
High site 
x + 2S 62 68 65 51 55 
Mean site 
x = 46 50 49 35 40 
Low site 
x - 2S 30 32 33 19 25 
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APPENDIX D 
Accumulated Yield 
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APPENDIX D (cont.) 
SELECTIVE CUT 
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APPENDIX D (cont.) 
CLEARCUT WITH TERRACING. SITE PREPARATION. SEEDTREE 
Thinning approximately 23% of yield at age 70 
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APPENDIX D (cont.) 
CIEARCU1 WITH TERRACING. SITE PREPARATION. SEEDTREE 
Thinning approximately 25 °/o of yield at age 70 
S I. 49 
706 1 
Cu.ft 
Years 
AF/Xete LPP 
120 
Years 
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APPENDIX E 
AVERAGE COST DETERMINATION 
PLANTING COSTS: 
Machine Planting on Terraces 
Inflation 
Year Cost Factor* 
Total 
'72 Cost Acres Cost 
1969 $12.93 * .8821 = $14.66 x 381 = $ 5,585.46 
1970 12.34 t .9304 = 13.69 x 591 = 7,836.66 
SUM 900 $13,422.12 
$13,422.12/900 acres = $14.91 average 
cost per acre 
•Factor calculated from Implicate Price Deflators for use with 
machinery 
Hand Planting on Site Preparation (Burned or Scarfied) 
Year Cost 
Inflation 
Factor* '72 Cost Acres 
Total 
Cost 
1969 $59.69 .8898 $67.08 X 63 = $ 4226.20 
1970 37.05 v .9345 39.65 X 217 8603.37 
1971 40.08 f .9801 40.89 X 1323 54702.43 
1972 40.91 X 1709 83587.19 
SUM 3312 $150,519.24 
$150,519.24/3312 acres = $45.45 average 
cost per acre 
*Factor calculated from Implicate Price Deflator, Index of Output per-
man-hour for use with labor 
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APPENDIX E (cont.) 
Machine Planted on Site Preparation (Burned or Scarified) 
Year 
1971 
Cost 
$20.63 * 
Inflation 
Factor* 
.9743 
'72 Cost Acres 
Total 
Cost 
$21.17 x 90 
$21.17 average cost 
Weighted Average Cost 
90 acres = 3% of total - Machine Planted 
3312 "= 97% of total - Hand Planted 
3312 acres @ $45.45 x 97% = $44.09 
90 acres @ 21.17 x 3% = .64 
$44.73 
average cost 
per acre 
SITE PREPARATION COST for Clearcutting: 
Year 
1971 
1972 
Broadcast Burning 
Inflation 
Cost Factor* 
$21.79 
40.43 
.9801 
'72 Cost 
$22.23 
40.43 
SUM 
Acres 
Total 
Cost 
x 
X 
662 = $14,717.92 
223 
885 
9,015.89 
$23,733.81 
$23,733.81/885 = $26.82 average cost 
per acre 
Scarification 
1971 
1972 
$25.43 
32.80 
.9743 = $26.10 x 574 = $14,981.86 
= 32.80 x 967 = 37,717.60 
SUM 1541 $46,699.46 
$46,699.46/1541 = $30.30 average cost 
per acre. (To this cost, burning of 
dozer piles must be added) 
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APPENDIX E (cont.) 
Burning Dozer Piles 
Year Cost 
Inflation 
Factor *72 Cost Acres 
Total 
Cost 
1971 
1972 
$12.82 
14.75 
* .9801 $13.08 
14.75 
x 574 
x 967 = 
$ 7,508.09 
14,263.25 
SUM 1541 $21,771.34 
$21,771.34/1541 = $14.12 average cost 
per acre 
Scarification $ 30.30/acre 
Burning Dozer Piles $14.12/acre 
Total $ 44.42/acre 
Weighted Average Cost 
1541 acres = 64% of total - Scarified 
885 acres = 36% of total - Broadcast Burned 
1541 acres @ $44.42 x 64% = $28.43 
885 acres @ 26.82 x 36% = 9.66 
$38.09 
Seed Tree Cutting: 
Inflation Total 
Year Cost Factor '72 Cost 
1972 $50.00 * = $50.00 x 
$50.00 
14.12 burning dozer piles 
$64.12 average cost per acre 
Acres Cost 
200 = 
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APPENDIX E (cont.) 
Shelterwood Cutting: 
Inflation Total 
Year Cost Factor '72 Cost Acres Cost 
1970 $60.00 .9304 $64.49 X 110 = $ 7,093.72 
1971 37.28 .9743 38.26 X 22 341.79 
1972 42.00 42.00 X 120 = 5,040.00 
SUM 252 $12,975.51 
$12,975.51/252 = $51.49 average cost 
per acre 
Selective Cutting: 
1971 $37.13 v .9743 = $38.43 x 315 = $12,101.45 
1972 17.60 t = 17.60 x 329 = 5,790.40 
SUM 644 $17,891.88 
$17,891.88/644 = $27.78 average cost 
per acre 
PRECOMMERCIAL THINNING for Clearcutting*: 
P. and M. Funds: 
1969 
1970 
1971 
1972 
$36.59 
37.78 
46.45 
63.19 
.8893 
.9345 
.9801 
$41.12 
40.43 
47.39 
63.19 
SUM 
x 8949 
x 13938 
x 15295 
x 27845 
= $ 330.974.88 
563,513.34 
724,803.65 
• 1,759.525.55 
65127 $3,378,817.42 
$3,378,817.42/65127 = $51.88 average 
cost per 
acre 
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APPENDIX E (cont.) 
Year 
1969 
1970 
1971 
1972 
K.V. Funds; 
Cost 
$82.70 
95.91 
83.52 
95.20 
Inflation 
Factor 
.8898 
.9345 
.9801 
'72 Cost 
$ 92.94 
102.63 
85.20 
95.20 
SUM 
Total 
Acres Cost 
x 13630 = $1,266,772.20 
x 10879 = 1,116,511.77 
x 18715 = 1,594,892.30 
x 16782 - 1,597,646.40 
60006 $5,575,822.67 
$5,575,822.67/60006 = $92.92 average 
cost per 
acre 
Weighted Average Cost: 
65127 acres = 52% of total - P. & M. Funds 
60006 acres = 48% .of total - K.V. Funds 
65127 acres @ $51.88 x 52% = $26.98 
60006 acres @ 92.92 x 40% = 44.58 
$71.58 
average cost per acre 
Year 
1971 
1972 
Seed Tree & Shelterwood Cuts: 
Cost 
$45.17 
71.94 
Inflation 
Factor 
.9801 
'72 Cost 
$46.04 
71.94 
x 
x 
Acres 
274 
131 
Total 
Cost 
$12,616.30 
9,424.14 
SUM 405 $22,040.44 
$22,040.44/405 = $54.42 average cost 
per acre 
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APPENDIX E (cont.) 
Year 
Selection Cut: 
Cost 
Inflation 
Factor "72 Cost Acres 
Total 
Cost 
1969 $28.52 -r .8898 $32.05 X 449 = $ 14,391.44 
1970 28.60 t .9345 30.60 X 449 13,741.47 
1971 50.88 v . 9001 51.91 X 746 38,727.17 
1972 39.25 t = 39.25 X 893 35,050.25 
SUM 2537 $101,910.32 
$101,910.32/2537 = $40.17 average cost 
per acre 
Annual Costs; 
The Bitterroot National Forest received $753,000.00 for 1972 
for the administration of unreserved lands. The total unreserved lands 
on this particular Forest are 828,500 acres. The annual cost per acre 
for administration is the following: 
$753,000 = $o.91/acre 
828500 
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APPENDIX F 
Internal Rate of Return 
Pf/fmd P. Pine 
SI. 30 
1000-
Salection cut -2.1 % 
Shelterwood cut "1.55 
Seedfree cut -1.47 
ClacMcut & site piepmution -4 .32 
Claorcut & tarrocing H«44 
& site preparation wto precommercial thinning -
& tarrocing wto precommarcial thinning -1.94 
2000-
1000-
-1000-
o 
* 
1000-
-1000-
Sl. 46 
A> Interest 
SI. 62 
A> Interest 
1,65 
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APPENDIX F Ccont.) 
Internal Rate of Return 
DF/Syol 
S. I. 
KXX)- -22% 
•156 
•131 
• 149 
•174 
•201 
2000 
1000-
1000— 
S.I. 68 
1 -16% 
2 -254 
3 -2.58 
4 -244 
5 -2.56 
6 -2.7 
7 -2.98 
1000-
°/o Interest 
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APPENDIX F (cont.) 
Internal Rate of Return 
DF/Syal SI 4? OF 1 -2 07* 
2 -I .I  
-1.17 
•0.92 
-1.15 
-1.32 
-1.55 
1000-
Per cent k 
O 
z 
Z 
OF/Syal SI. 65 OF 
1000— 
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Internal Rate of Return 
AF/Xete L. P. R 
1000-
S I. 40 
•1.33 % 
•087 
-086 
•074 
-082 
-0.99 
-1.17 
500-
°/0 Interest 
I 
»— 
OL 
o 
 ̂ 1000— 
V— 
Ui 
z 
1 -2.37% 
2 -1.37 
3 -1.32 500-
•1.71 
°/o Interest 
-500-
-1000—J 
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APPENDIX G 
SENSITIVITY TEST GRAPES 
Cut 
4700— 
4600* 
fcr or* increase in cort par twatmertf 
Scarification cost 
f^cummmud thinning cost 
Aj Annual cost 
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APPENDIX G (cont.) 
Clearcut with site 
5600 
5700— 
J 
5600-
5500 
fcr cent increcse in cost per treatment 
Vo  ̂ Smnficatioq cost 
Terracing cost 
Planting cost 
Vb  ̂ Precommercial thinning cost 
A] Annual cost 
Clearcut with terracing 
4800-
4700-
I 
4600-
fer cent increase in cost per treatment 
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APPENDIX G (cont.) 
Selection Cut 
2000—1 
1900-
3 
J 
1800-
20 
RBT cent in costs per treatment 
Vbj SuiifiuJiuo cost 
^2 ^soonrwiAidal fhming oost 
Aj Annud cost 
Shettenmod Cut 
4400' 
4300-
1 
4200-
1 
4100-
4000 
20 
per cent increase in costs per Iveatnwnt 
15-
14-
13-
12-
11* 
10-
9' 
8-
7-
6-
5-
4-
3-
2-
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APPENDIX H 
SENSITIVITY OF ALTERNATIVES TO 
CHANGING RATES OF INTEREST 
1 Selection cut 
2 Shelterwood cut 
3 Seed tree cut 
4 Clear cut & site preparation 
5 Clear cut & terrace 
6 Clear cut & site preparation 
(no pre-commercial thinning) 
7 Clearcut & terrace 
(no precommercial thinning) 
m i  i  i  r J i i  i  i  i i  i  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  1 1  I I  I  I  I  I I  I  I  I  I  I  I  I  I  I  
12 3 4 5 
Per cent increase in interest 
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APPENDIX I 
SENSITIVITY TESTS DATA 
Compounding Formula For Tree Selection 
vol 
Site Preparation 
Cost 
1748.57 
1751.53 
1754.48 
1757.44 
1760.40 
1763.35 
1766.31 
1769.26 
1772.22 
1775.18 
1778.13 
1781.09 
1784.04 
1787.00 
1789.96 
1792.91 
1795.87 
1798.82 
V02 
Precommercial 
Thinning Cost 
1749.89 
1754.16 
1758.44 
1762.71 
1766.99 
1771.26 
1775.54 
1779.81 
1784.09 
1788.36 
1792.63 
1796.91 
1801.18 
1805.46 
1809.73 
1814.01 
1818.28 
1822.56 
Al 
Annual Costs 
1755.84 
1766.07 
1776.29 
1786.52 
1796.74 
1806.97 
1817.19 
1827.42 
1837.65 
1847.87 
1858.10 
1868.32 
1878.55 
1888.77 
1899.00 
1909.23 
1919.45 
1929.68 
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APPENDIX I (cont.) 
vol 
Site Preparation 
Cost 
1801.78 
1804.74 
V02 
Precommercial 
Thinning Cost 
1826.83 
1831.10 
Al 
Annual Costs 
1939.90 
1950.13 
Compounding Formula for Shelterwood 
4040.17 4034.42 
4058.04 4046.54 
4075.91 4058.67 
4093.79 4070.79 
4111.66 4082.92 
4129.53 4095.04 
4147.40 4107.17 
4165.28 4119.29 
4183.15 4131.42 
4201.02 4143.54 
42.18.89 4155.67 
4236.77 4167.79 
4254.64 4179.91 
4272.51 4192.04 
4290.38 4204.16 
4308.26 4216.29 
4326.13 4228.41 
4344.00 4240.54 
4032.52 
4042.75 
4052.97 
4063.20 
4073.42 
4083.65 
4093.87 
4104.10 
4114.33 
4124.55 
4134.78 
4145.00 
4155.23 
4165.45 
4175.68 
4185.91 
4196.13 
4206.36 
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vol 
Site Preparation 
Cost 
4361.88 
4379.75 
4482.95 
4505.21 
4527.46 
4549.72 
4571.98 
4594.23 
4616.49 
4638.75 
4661.00 
4683.26 
4705.52 
4727.77 
4750.03 
4772.29 
4794.54 
4816.80 
4839.06 
APPENDIX I (cont.) 
V02 
Precommerical 
Thinning Cost 
4252.66 
4264.79 
Compounding Formula for S 
4472.82 
4484.94 
4497.07 
4509.19 
4521.32 
4533.44 
4545.57 
4557.69 
4569.82 
4581.94 
4594.06 
4606.19 
4618.31 
4630.44 
4642.56 
4654.69 
4666.81 
Al 
Annual Costs 
4216.58 
4226.81 
Tree 
4470.92 
4481.15 
4491.37 
4501.60 
4511.82 
4522.05 
4532.27 
4542.50 
4552.73 
4562.95 
4573.18 
4583.40 
4593.63 
4603.85 
4614.08 
4624.30 
4634.53 
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APPENDIX I (cont.) 
vol 
Site Preparation 
Cost 
4861.31 
4883.57 
4905.83 
V02 
Precommercial 
Thinning Cost 
4678.94 
4691.06 
4703.19 
Al 
Annual Costs 
4644.76 
4654.98 
4665.21 
Compounding Formula for Clearcut and Site Prep. 
vol 
Site Prepara-
tion Cost 
5505.33 
5518.55 
5531.77 
5544.99 
5558.22 
5571.44 
5584.66 
5597.88 
5611.10 
5624.32 
5637.54 
5650.77 
5663.99 
5677.21 
V02 
Planting 
Cost 
5507.63 
5523.16 
5538.69 
5554.21 
5569.22 
5585.27 
5600.79 
5616.32 
5631.84 
5647.37 
5662.90 
5678.42 
5693.95 
5709.48 
V03 
Preconmercial 
Thinning Cost 
5508.06 
5524.00 
5539.95 
5555.90 
5571.85 
5587.80 
5603.74 
5619.32 
5635.64 
5651.59 
5667.53 
5683.48 
5699.43 
5715.38 
Al 
Annual Costs 
5502.33 
5512.56 
5522.79 
5533.01 
5543.24 
5553.46 
5563.69 
5573.91 
5584.14 
5594.37 
5604.59 
5614.82 
5625.04 
5635.27 
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APPENDIX I (cont.) 
vol 
Site Prepara-
tion Cost 
5690.43 
5703.65 
5716.87 
5730.09 
5743.32 
5756.54 
V02 
Planting 
Cost 
5725.00 
5740.53 
5756.05 
5771.58 
5787.11 
5802.63 
V03 
Precommercial 
Thinning Cost 
5731.33 
5747.27 
5763.22 
5779.17 
5795.12 
5811.06 
Al 
Annual Costs 
5645.49 
5655.72 
5665.95 
5676.17 
5686.40 
5696.62 
Compounding Formula for Clearcut and Terracing 
vol 
Terracing 
Cost 
4530.20 
4544.01 
4557.83 
4571.64 
4585.46 
4599.27 
4613.09 
4626.90 
4640.72 
4654.53 
4668.35 
4682.16 
4695.98 
V02 
Planting 
Cost 
4521.56 
4526.73 
4531.91 
4537.08 
4542.26 
4547.44 
4552.61 
4557.79 
4562.96 
4568.14 
4573.31 
4578.49 
4583.66 
V03 
Precommercial 
Thinning Cost 
4532.33 
4548.28 
4564.23 
4580.17 
4596.12 
4612.07 
4628.02 
4643.97 
4659.91 
4675.86 
4691.81 
4707.76 
4723.70 
Al 
Annual Costs 
4526.61 
4536.83 
4547.06 
4557.29 
4567.51 
4577.74 
4587.96 
4598.19 
4608.41 
4618.64 
4628.87 
4639.09 
4649.32 
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APPENDIX I (cont.) 
V01 
Terracing 
Cost 
4709.79 
4723.61 
4737.42 
4751.24 
4765.05 
4778.87 
4792.68 
V02 
Planting 
Cost 
4588.84 
4594.01 
4599.19 
4604.36 
4609.54 
4614.72 
4619.89 
V03 
Precommercial 
Thinning Cost 
4739.65 
4755.60 
4771.55 
4787.50 
4803.44 
4819.39 
4835.34 
Al 
Annual Costs 
4659.54 
4669.77 
4679.99 
4690.22 
4700.44 
4710.67 
4720.90 
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APPENDIX J 
Comparison of Site Index Range 
The method used in this study to determine the range of expected 
site indexes gives the maximum variation if a single site tree is used 
as an estimator. The more common method is to use a stand average. Using 
this approach, that is taking an average for each stand sampled and then 
analyzing the ten averages for each species on each habitat type the fol­
lowing results are obtained. 
PP/Feid DF/Syal AF/Xete 
PP PP DF AF LPP 
10 10 10 10 10 
Mean site 
x 
46.3 50.1 49.4 35.3 39.9 
2S 8.9 8.9 9.8 11.7 10.6 
High site 
x + 2S 
55.2 59.0 59.2 47.0 50.5 
Low Site 
x + 2S 
37.4 41.2 39.6 23.6 29.3 
Using this approach the high and low site index is much closer to 
the mean (See Appendix C). 
An additional comparison that can be made utilizing site index 
information contained in the work by Pfister, Arno, Presby, and Kovalchik 
(23) . 
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APPENDIX J (cont.) 
PP/Feid DF/Syal AF/Xete 
PP PP DF AF LPP 
Bitterroot 
x 46.3 50.1 49.4 35.3 39.9 
CI* ± 3.2 ± 3.2 ± 3.5 ± 4.2 ± 3.8 
Western Montana 
x 51. 61. 54. 42. 42. 
CI* ±5. ±5. ±4. ±5. ±3. 
•Confidence Interval at 95% level of confidence. 
It can be seen from this comparison that the site index of some 
species in the Bitterroot are somewhat lower than the Western Montana 
averages. This is not surprising in that the same population was not 
sampled, and the Bitterroot would represent a normally lower site than 
most of the other Forests in Western Montana. 
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